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ABSTRACT

Teff is a cereal grain which is used to make injera, a staple food of Ethiopians. Injera with
appropriate quality and consistency is crucial that all consumers demand on the streamlined
quality parameters. Because of inadequate process parameters, injera quality is usually a
serious problem. Flour particle size and dough kneading time are among the factors that can
affect injera quality. This research was aimed to investigate the effect of flour particle size and
kneading time on functional, physicochemical, dough rheological property and injera quality.
Tseday variety of teff grain was used for the study and milled into different particle sizes. The
flour particle size was evaluated by passing through sieve size of 180um, 355um and 500um.
Flour particle size of fine (0-180pum), medium (181-355um) and coarse (356-500um) was
obtained 30.68%, 42.54% and 25.31%, respectively. Mechanical dough kneader was used to
knead the injera dough with 4, 8 and 12 minutes with constant and moderate kneading speed of
#K, (164rpm). The physicochemical and functional properties of flour and microbial and
sensory qualities of injera samples were analyzed using standard methods. Higher water and oil
absorption capacity were observed in fine flour particle size (1.25g/g and 2.59g/g as compared
to coarse flour particle sizes (1.08g/g and 1.77g/g, respectively). Fine particle size of teff flour
had loosely packed structure and thus the bulk density of fine flour particle size is (0.68g/mL)
lower than coarse flour particle size (0.77g/mL). The L* value of flour color was ranged from
75.08 to 81.02 from coarse to fine due to the presence of bran fractions in coarse flour.
Observations from pasting properties revealed 1056, 1030, 968 and 1067 peak viscosity for fine,
medium, coarse and control flour respectively. Whole teff flour showed significantly (p<0.05)
lower values of G'(400.23) and G"(246.84) and higher Tan ¢ (0.54) than treatment flour

samples. This indicated the mechanical rigidity of the dough which is preferred for quality
injera. The proximate composition of treatment flour samples varied from 8.79-9.05%
(moisture), 9.12-11.27% (protein), 2.54-3.00% (fat), 2.02-2.61% (ash), 1.92-3.31% (fiber) and
71.69-74.11% carbohydrate. Proximate composition of injera samples varied with different
flour particle sizes and dough kneading times. Accordingly moisture, protein, fat, fiber, ash,
carbohydrate and Total energy of all treatment samples ranges from 5.90-6.45%, 10.32-12.82%,
1.18-1.73%, 2.01-3.37%, 2.40-2.73% 73.68-77.66% and 356.81-364.25%, respectively.
Significantly higher contents of phytochemicals and minerals were perceived on coarse flour
particle size injera than fine due to the presence of higher concentration of grain's outer layers
in coarse flour. The bacterial load of injera was detected in samples of injera made from fine
flour that had been kneaded for 12 minutes on day five of storage with a value of 4.54log cfu/g
Injera samples had a yeast/mold load that ranges from 1.77 to 5.08log cfu/g from day one to day
five storage. The highest overall acceptability of injera by the panelist was formulated from fine
flour particle size with 12 minute dough kneading time having the score of 4.66. In general, fine
flour particle size with 12 minute dough kneading time resulted in desired nutritional and injera

quality.

Keywords: Injera quality, Kneading time, Particle size, Rheological property, Teff flour
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1. INTRODUCTION

1.1. Background

Ethiopia is the country where a wide variety of cereal grains are cultivated and utilized to
different food types. Teff [Eragrostis teff (zucc.)Trotter] is one of an ancient cereal grain
cultivated over a wide range of environmental conditions mostly in the highlands of the
country (Baye, 2014) and processed to different traditional foods. Injera is one of the
fermented flat bread products made commonly of teff flour (Anberbir et al., 2023). Injera
that is considered good by the consumer is soft, fluffy, rich in eyes and rollable without
cracking (Girma et al., 2013Db). It has a distinct flavor that is slightly sour (Yetneberk et al.,
2004). The surface of injera has evenly spaced holes that form a honeycomb-like structure
due to carbon dioxide gas production during fermentation and baking (Woldemariam et al.,
2019). It has a smooth and shiny bottom surface (Yasin, 2021). Teff grain is preferable to
make injera that fulfill these requirements in addition to gluten free and rich in nutrient.

Teff grain is always milled to whole grain flour and fermented before being consumed as
injera. Depending on the mechanical forces and temperature used during the grinding
process, different milling or grinding procedures have been found to yield distinct flours
with different particle sizes (Kadan et al., 2008). The main factors impacting the particle
size of teff flour in the milling process include milling equipment and procedures, such as
mechanical force and non-standardized milling intensity (Assefa et al., 2018). The process
of reducing flour particle size increases the ratio of surface area to volume of a food material
(Ahmed et al., 2014).

Kneading is one of the common crucial unit operation in mechanical dough processing
(Esselink et al., 2003). The main goal of kneading is to get a homogeneous mixing of raw
and auxiliary ingredients and obtaining dough with a viscous-elastic structure and qualities
(Canja et al., 2014). During kneading, a quantity of air is introduced into the dough, which is

critical for the dough rheology as well as the end product's quality.

The rheological properties of dough and product quality are affected by the flour particle
size and dough kneading time (Cotovanu & Mironeasa, 2022). The size of the particles can

have a big impact on functional and physicochemical parameters such as water and oil
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absorption, viscoelastic and pasting properties (Rao et al., 2016). Particle size influences the
pace at which liquid is absorbed into the flour. Fine flour absorbs liquid faster than medium
or coarse flour, which affects dough preparation (Lin et al., 2020). When grain is milled into
flour at various processes of extraction, the components of the grain, such as bran and
endosperm, are lowered below whole flour. Refined flour contains lower fibers,

phytochemicals, vitamins, and minerals than whole-grain flour (Vignola et al., 2016).

The visco-elastic characteristics and their rheological parameters of dough are affected by
the mixing time of dough preparation. They are strongly related to the quality of injera. The
existence of specific components (proteins, starch, and fat) as well as the structure of the
injera based on interactions between the ingredients, as well as preparation methods, have
the biggest impact on the rheological features of foods. Dough rheological parameters reflect
the quality of food items to a considerable extent, allowing the development of products
with features that customers find acceptable (Abebe & Ronda, 2014). The dough is a sticky
mass made by combining water, teff flour and Ersho in a mixing bowl (Neela & Fanta,
2020). The quality of dough is determined by the perfect mixing of all ingredients in the
correct ratio in precise equipment, which ultimately affects the final injera qualities. The
addition of water and the formation of suitable mixing operations are the first steps in the
dough development process. The characteristics of dough rheological properties are
influenced by the particle size distribution and mixing time and ultimately affect the quality
of injera (Fikre et al., 2019).

Tef injera-making holds a considerable economic and social interest that demands a detailed
investigation of the process variables that influence the quality of the final product (Y.
Assefa et al., 2018). The intrinsic and functional properties of flour are greatly influenced by
particle size, which in turn influences the quality of the product obtained from that flour.
Sieving flour can result in samples with homogeneous particle size distribution, which can
lead to the production of products with improved functional qualities (Bala et al., 2020).
However there are limited findings on the effect of flour particle size and dough kneading
time on the rheological characteristics of dough and its final product qualities. In this study,
therefore, knowing consistent action of process parameters (flour particle size and dough

kneading time) creates consistent quality of injera.
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1.2. Statement of the Problem

Teff grain is an increasingly important dietary component for individuals because of its
nutritional benefits. It has been used by the people to prepare their basic meals or as a stream
of income. Most Ethiopians relies on injera which is produced from teff flour or other grains
based on their affordability. Injera with the required quality and consistency is critical for all
consumers. However, the quality of injera is always a serious issue at house hold as well as
commercial levels due to poor optimized process parameters. The overall quality of injera is
influenced by processing variables such as flour particle size, dough kneading time and
viscosity. Adequate particle size distribution among teff flour and dough kneading time are
important factors in achieving consistent quality when processing injera. To commercialize
injera, it is crucial to manufacture required quality of injera that is acceptable to consumers.
Kneading injera dough is done by hand, which is enervating, especially for mass producers,

and unsafe for product quality.

Even though injera is prepared in most Ethiopian homes and injera bakeries, teff flour
particle size and dough kneading time has not been optimized and improved based on the
final product quality. Traditionally, particle size of the teff flour at milling is checked
manually with hand and mixing time of dough has no fixed or standard time and that may
affects the rheological properties of dough. The particle size of the milled flour and the
mixing time of dough should be optimized to maintain the quality of injera that meet the
consumer’s preference. Consumers prefer injera with quality features such as a pliable,
honeycomb-like surface, fluffy, soft, and sour taste, which should be maintained by process

parameters.

Dough prepared from different particle size and different kneading times have different
dough purity that affects the final product. Optimized particle size with proper dough
kneading time can manage the water absorption and rheological properties as well as
determine the quality of the final product. Baking of injera with appropriate quality help
consumer to get demanded product and bakers to produce consistent quality for the
increased export demand. Due to the limited work on process parameters to maintain injera
quality, it is critically important to investigate the effect of flour particle size and dough
kneading time on the dough rheological properties and injera qualities.
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1.3. Objectives
1.3.1. General Objective

This research was aimed to investigate the effect of teff flour particle size and mechanical
dough kneading time on the dough rheological property and elucidate quality characteristics

of injera

1.3.2. Specific Objectives

e To investigate the effect of flour particle size on the bulk density, pasting properties,
physicochemical and functional properties of teff flour

e To analyze the effect of flour particle size on the dough rheological properties and
physicochemical, sensory properties and microbiological qualities of injera

e To study the influences of mechanical kneading time on dough rheological properties
and injera quality attributes (physicochemical, microbial and sensory properties)

e To assess the interaction effect teff flour particle size and mechanical dough kneading

time on dough rheological properties and final injera qualities

1.4. Significance of the Study

The finding of this study is valuable in determining the importance of particle size on the
rheological properties of dough and its qualities of end products. Particle size will be utilized
to predict product quality attributes and to identify optimal teff flour quality. The
investigation will show the gap of dough kneading times that contribute a baseline science
for developing effective dough rheology and injera quality traits. The study will assure the
society to offer optimal particle size of teff flour and kneading time of dough for the
required rheological properties of dough and enhanced quality of injera. Rheological
properties of the dough are investigated to see its effects on the quality of injera. The
following elements make it crucial to carry out this research on the impact of flour particle
size and dough kneading time on dough rheological characteristics and injera quality.

+ The study can give information for injera producers as it helps to obtain a better

understanding of flour particle size and dough kneading time for making quality injera.



+ The study will give more information for teff millers that produce optimized flour

particle size for acceptable injera.

+ This research will assist the injera producers to use mechanical kneader that have fixed
kneading speed and manageable kneading time to exclude hand kneading of dough to

maintain quality injera.

+ For those who desired to investigate the related concerns, the general information

provided by this study will be used as a reference.
1.5. Scope of the Study

This study was limited by examining the teff flour particle size and optimizing of dough
kneading time on mechanical kneading unit operation at a constant rotational speed for
dough rheological properties that determine the quality of final product. Functional and
physical properties of flour and injera, rheological properties of dough, proximate
composition of injera, microbial load of injera as well as its sensory analysis were analyzed.
The mineral content of flour and injera as well as phytochemicals that are affected by flour

particle size and dough kneading time were assessed.



2. LITERATURE REVIEW

2.1. Teff Production and Utilization in Ethiopia

The agricultural product production is subsistence in Ethiopia by a considerable amount.
Cereal crops are the major crops that covered almost all the regions used to utilize local food
and used as income generator for the farmers. Warm-season annual cereal teff (Eragrostis
teff) is one of the underutilized crops that can support crop diversification and food security.
One of Ethiopia's most important and native cereal crops is teff (Kebede & Korji, 2017). It is
a special crop that can withstand a variety of weather circumstances and has been used as
food and diet supplements for the majority of Ethiopians. Teff has exceptional nutritional
qualities that will satisfy the needs of consumers who are health-conscious. Additionally, it
is a low-risk crop that can withstand numerous biotic and abiotic challenges. Ethiopia is the
only nation that has made teff a staple crop (Baye, 2018), and produces most of it at the
moment. However, Ethiopia's teff production and value chain heavily rely on conventional
methods, and the government's export prohibition restricts the teff market (Central Statistical
Agency (CSA), 2020). Based on the Ethiopian Central Statistics Agency, the current teff
productions in Ethiopia is 56,143,388.01 in quintals (CSA, 2022). Teff is mostly used to
make the Ethiopian bread injera, though it has lately been used to make gluten-free goods
including cake, cookies and bread (Zhu, 2018).

2.2. Physical Structure and Chemical Composition of Teff Grain and Flour

Teff grain size is exceptionally small, with a mean length of 0.61-1.17 mm and a mean
width of 0.13-0.59 mm, resulting in an average thousand kernel weight of 0.264 gram
(Bultosa, 2007). The grains of teff seeds are oval in shape. Teff cultivars have been
identified and classified based on the color of the grains and inflorescences, inflorescence
ramification and plant size. Depending on the variety, teff can range in color from white
(ivory) to dark brown (black). There are three major groups in Ethiopia: white (nech), red
(quey), and mixed (sergegna) (Abewa et al., 2019). Wholesalers commonly classify white
teff into two categories: very white (magna) and white (nech). When teff whole grain is
finely processed, the color difference between the flour and the whole grain becomes less
evident. This could mean that the pigmenting components in brown teff grains are

concentrated mostly on the grain pericarp (Baye, 2014).
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Figure 2.1. Physical structure of teff grain
Source: Bultosa, (2007)

The seed of teff is protected by the thin outer coat, pericarp, which forms bran. The inner
surface of bran in red and brown (mixed) teff types has pigmented material with increased
polyphenols and tannins similar to those found in finger millet and sorghum (McDonough et
al., 2000). The authors add as the endosperm makes up the majority of the teff seed, with
protein bodies that are unevenly dispersed mostly in the outside section and starch granules
originate in the central part of the endosperm. The starch granules present in teff are 2-6um
in diameter, smooth, and polygonal in shape, and account for the majority of the
carbohydrate percentage in teff (Bultosa et al., 2002).

Figure 2.2. Scanning electron micrograph of a halved teff grain
Source: Parker & Faulks, (1989)
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Where, pericarp (pc), the starchy endosperm (en), germ (G) with outer horny region and

mealy center (arrowed), and relatively large embryo (em)

Teff is one of the popular cereal crops for general health consumption; however, due to
consumer inexperience and lack of interest in teff, Ethiopians have long believed their crop
is of lower quality (Yetneberk et al., 2005). Numerous investigations have been conducted
on the post-harvest qualities and composition of teff nutrition. In countries other than
Ethiopia, the development of novel teff-based food products is accelerating because of the

gluten-free nature of the grain (Baye, 2014).

The chemical composition of teff grain varies greatly and influenced by environmental
factors such as soil, variety, and fertilizer in cereal crops. Teff's value stems mostly from its
appealing nutritional profile and the absence of gluten present in other common cereals such
as wheat, barley, and rye. The demand for gluten-free goods is increasing these days among
people who have celiac disease or other types of gluten sensitivity (Hopman et al., 2008).
Teff has a better nutritional value than many other cereals and mostly used to make injera,
which is its major purpose (Bultosa, 2002, do Nascimento et al., 2018). It contains high in
phosphorus, magnesium, iron, and calcium. The seeds of Eragrostis teff have a high
nutritional value, with carbohydrates (57.27%), protein (20.9%), essential amino acids (8.15
%) with major leucine and lysine (1.71 and 1.35%, respectively), vitamin Bl (1.56%),
potassium and calcium (32.4 and 9.63%, respectively. According to a proximate analysis of
El-Alfy et al (2012) the seeds provided 22% (w/w) fixed oil rich in unsaturated fatty acids
(72.46 %), with oleic acid leading the way (32.41%) and linolenic acid following closely
after (23.83%). The teff grain is made up of complex carbohydrates with 80% of total
weight base. It is a starchy grain with a starch content of nearly 73% (Bultosa, 2007). It has
an average crude protein level of 8 to 11 percent, which is similar to other common grains
like wheat. Teff grain has high amount of calcium, Iron, zinc and fibers relative to other
cereal crops. According to Baye (2014). Teff has 17-178 mg/100g calcium for different
variety of teff, 7.63 mg/100 g iron, 3.63 mg/100 g zinc and 184 mg/100 g magnesium. The
author also identified the phytochemicals of teff flour as 140mg/100g total phenols, 682
mg/100g phytates and 16 mg/100 g condensed tannins. Yegrem et al., (2019) reported the
Tseday variety of teff flour contain 10.71% moisture content, 2.46% ash, 12.50% protein,



2.96% fat and 3.15% fiber. They include 15.87, 3.24, 127.97 mg/100g of iron, zinc and

calcium, respectively.

The mineral content of teff injera increased with increased fermentation time. Iron content
ranged from 18.83-19.18 mg/100g, zinc content ranged from 14.27-14.66 mg/100 g zinc and
calcium content ranged from 123.86-136.86 mg/100 g as fermentation increased from 24-72
hour. Antinutritional content of injera decreased with increasing fermentation time as tannin
decreased from 0.015 to 0.008 and phytate decreased 295.46-234.46 mg/100 g on
fermentation increased from 24-72 hours (Mihrete, 2019). Asres et al., (2018) added phytate
of teff decreased from 541.45-440.89 mg/100 g and tannin decreased from 0.87-0.74 when

fermentation time increased from zero to 72 hour.

2.3. Overview of Teff Grain and Flour Particle Size

Particle size (granularity) is a quality control parameter of cereal flour after it is milled. The
particle size of granular materials is commonly referred to as diameter, which is usually
measured by geometric methods (microscopy, or by sieving a representative amount of
sample) (Saravacos & Maroulis, 2011). To evaluate the particle size distribution of a
granular material, engineers frequently utilize particle size analysis, also known as sieve
analysis. The material's performance in usage is frequently critically impacted by the size
distribution. Depending on the precise procedure, a sieve analysis can be done on every type

of grain flour, a wide range of produced powders, grain, and seeds, down to a minimal size.

Sieve analysis is a technique for determining a material's particle size distribution. By
running the material through a series of sieves with varying mesh sizes, the method
separates tiny particles from coarse particles, effectively fractionating particles within
predetermined sieve bin sizes. This mass fraction of particles is weighed and quantified in
order to create a cumulative distribution. The most common and well-known method for
characterizing particle size distributions is sieve analysis. Wet sieving and dry sieving are
the two forms of sieve analysis that can be performed. Wet sieving is appropriate for particle
sizes ranging from 20 um to 3 millimeters, whereas dry sieving is appropriate for particle

sizes ranging from 30 microns to 125 microns (Barak et al., 2014).



Percentage of teff grain that passes through sieves of
different mesh size

250um

0.1% 710um

1.1%

300pum
45.3% 600pm

52.7%

Figure 2.3. Percentages of teff grain passes through sieves
Source: Bultosa, (2007)

Flour samples made through milling and grinding contain a heterogeneous combination of
different particle sizes. The intrinsic and functional properties of flour are greatly influenced
by its particle size, which has implications for the final product's quality. A flour or powder's
complete description is provided by the particle size distribution. The production of a
product with higher functional qualities can be achieved by sieving flour to obtain samples

with a homogeneous distribution of particle sizes (Bala et al., 2020).

Sieve analysis is a common engineering process or procedure for determining the particle
size distribution of a granular material. The size distribution of a material can have a
significant impact on how it performs in usage. Depending on the exact procedure, a sieve
analysis can be performed on any type of grain flour, a wide range of produced powders,
grain, and seeds, down to a minimum size. It is perhaps the most used particle sizing
procedure since it is so simple (Munteanu et al., 2015). Powders with particle sizes bigger
than 200micrometers are free flowing, however small powders are more difficult to flow due
to cohesion. The particle size distribution is an essential factor in the look of a product. The
overall bulk qualities of the food item, such as visual texture and density, as well as color,

are influenced by particle size (Abebaw, 2020).
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Pang et al., (2021) studied the effects of wheat flour particle size on flour physicochemical
properties and steamed bread quality and conclude as the physical and chemical qualities of
wheat flour and its ultimate product are heavily influenced by particle size. The impact of
five milling intensities on the physicochemical attributes and quality of wheat flour for
skimmed bread was investigated in this study. They discovered that increasing the milling
gap lowered the particle size of wheat flour while increasing the damaged starch

concentration.

Regarding to evaluating the quality of grains and flour, flour color is a key factor. A crucial
quality indicator for millers, flour color is measured and reported using sophisticated
laboratory equipment by coordinate of CIE L*a*b* scale. Colorimetric color measurement
of flour uses a numerical system to assess a sample's "chromaticity,” or hue, on two separate
scales, one for green-red (a*) and one for blue-yellow (b*), each running from -60 to +60. A
color with a high L* value is bright, and a color with a high b* value is more yellow. Flour
color is controlled by the grain endosperm color, particle size and flour ash concentration

often altering the color of the completed product (Barretto et al., 2021).

Due to the size of the flour particles, measuring and assessing flour color visually is
challenging. Light is reflected back to the source, detector, or observer when it contacts the
surface of an extraordinarily fine particle mass, providing the impression of a smooth
sample surface. A perceived and measured increase in light reflected from the sample
suggests a lighter look of color. Since the surface becomes rougher with increasing particle
size, more light is reflected off in directions other than the source, observer, or detector. A
darker color appearance is indicated by a perceived and measured decrease in light reflected
by the sample. The size of the flour particles may influence diffusion, whilst the color of the
darker bran particles may influence absorption.

2.4. Effect of Kneading Time on Dough Rheology and Injera Quality

Y. Assefa et al., (2018) studied the effect of kneading time on the quality of injera. They
reported that the color, quantity of eyes, taste, and odor of injera formed from dough
obtained under various kneading conditions were different. The sensory qualities, such as
texture, eye size, distribution, top and bottom surfaces, and overall acceptability, were,

considerably influenced by the kneading circumstances. This could be explained by the
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relation between kneading and gas production. Kneading or remixing the dough encourages
the release of large gas bubbles, resulting in a more even distribution of bubbles throughout
the dough, which ultimately improves the product's quality. Physical, colloidal, and
biochemical processes all contribute to the production of the dough with its specific
structure and rheological qualities, with the physical and colloidal processes playing the

most vital function (Rosell, 2011).

Maltose was the largest sugar concentration initially in both milling and kneading levels,
followed by glucose and fructose. Maltose breakdown followed a similar pattern in all mill
types investigated as fermentation progressed. However, both mills and kneading speed-time
combinations showed significantly differing phytates/mineral molar ratios of the flours
(Assefa et al., 2018). Flavonoids, total phenolic, and phytates levels are all affected by the
kneading time-speed combinations, according to the study of Y. Assefa et al., (2018). In
addition, the overall acceptability of injera was reported by the kneading process. Changes
in kneading conditions had a substantial impact on injera quality features such as texture,
eye size, distribution, top and bottom surfaces, and overall acceptance. This could be
explained by the correlation between kneading and gas production. Kneading or remixing
the dough encourages the release of large gas bubbles, resulting in a more even distribution
of bubbles throughout the dough, which ultimately improves the product's quality.

2.5. Functional Properties of Teff Flour

The structure, quality, and texture of a food, as well as its nutritional content, acceptability,
and (or) appearance, all relate to its functional properties. The organoleptic, physical, and/or
chemical aspects of a food are frequently what determine its functional characteristics.
Additionally, solubility, water retention, foaming ability, elasticity, absorptive capacity for
fat and foreign particles, emulsification, hydration (water binding), viscosity, cohesion, and
stickiness are examples of functional qualities of flour (Ch, 2013). Abebe et al. (2015)
studied the functional properties of teff flour and compared with wheat and rice flour.
Accordingly flour water absorption capacity was significantly affected by both type of teff
cultivar and mill type. Teff flour's higher fiber content as a whole meal may explain its
increased water-binding capacity when compared with refined rice and wheat flour (Collar
& Angioloni, 2014).
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The water solubility index of teff flour is higher than other cereal grain flour. Yetneberk et
al., (2005) reported that increasing proportion of teff flour to sorghum for quality of injera
increase the water solubility index. The increase in water solubility index corresponded with
the observation that, after mixing, teff dough tended to be stickier than sorghum dough, and
water-soluble components in the teff flour could have positively changed the dough
rheology and texture of injera (Yetneberk et al., 2005). Finally higher water solubility index
yielded softer, fluffy, and rollable injera in the investigation of injera-producing possibilities

of sorghum varieties.
2.6. Bulk Density

Weight per volume of flour is known as bulk density. The flour expansion and porosity of
goods are determined by bulk density (Bala et al., 2020). This study implies that as the size
of the grass pea flour particles reduced from 249um to 74um, the bulk densities of the
various flour samples dropped from 460 kg/m® to 420 kg/m®. This means flour particle size
and bulk density are directly proportional that coarse particle size have higher particle size
when compared to fine particle size. The flour's larger bulk density suggests that this product
may also need a denser packing material. Bulk density provides details about a product's
porosity and should guide the selection of the package and its layout (Odedeji & Adeleke,
2010).

2.7. Pasting Properties

The phenomena of granular cooking, swelling and total disruption of granules are known as
starch's pasting properties. It has been used to measure cold-swelling of ‘cooked'
components, raw component paste during testing, and overall viscosity, which shows the
degree of starch dextrinization (Tsegaye, 2020). The properties of the swollen granules and
the soluble ingredients leached out of the granules work together to influence the viscosity
parameters during pasting. The addition of absit to the fermented batter raises the viscosity
of the batter and improves its gas-holding capacity (Torres-Gallo et al., 2021). The texture,
digestibility, and final use of the food product are all affected by these changes. Pasting
temperature is about 50°C-90°C and absit preparation for dough binder in injera preparation
takes the temperature of 45-70°C which is in the range of pasting starch. It has been

customary to employ the BVA (Brabender viscoamylograph) and RVA (Rapid visco-
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analyser) to examine the pasting properties of pulse starches. Different concentrations and
BVA or RVA techniques have been used to determine the pasting curve of pulse starches
(Niazi et al., 2012).
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Figure 2.4. A typical RVA pasting profile of a cereal (using the standard profile), indicating

the main parameters measured during analysis.
Source: Balet et al., (2019)
2.7.1. Peak Viscosity (PV)

Peak viscosity is the maximum viscosity that starch can reach throughout the gelatinization
process (50-95°C), and it represents the starch granule's ability to thicken and bind water. It
occurs at the point of equilibrium between granule rupture, alignment, and swelling, which
increases viscosity or decrease of its viscosity (Shimelis et al., 2006). The PV emphasizes
the stability of pastes, which are created when gelatinization occurs during food preparation.
It also reveals the expected viscous load to be faced during mixing and redirects the extent

of granule swelling (N. Singh et al., 2017). The peak viscosity of teff flour from different
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mill type and variety teff grain were reported as 1336-1676 (mpas) Abebe, Ronda, et al.,
(2015) and 1544-1768 (mpas) by Y. Assefa et al., (2018).

2.7.2. Trough Viscosity (TV)

The ability of the paste to resist breaking down while cooling is measured by its trough
viscosity, which is the lowest value in the constant temperature phase of the flour's RVA
pasting profile (Ayo-Omogie & Ogunsakin, 2013). Gelation occurs with junction zone
formation primarily through hydrogen bonding, re-associating the hydrated and dispersed
starch molecules, and may vary with the botanical sources of the starch, amylose content
and formation of amylose-lipid complexes, amount of water, other ingredients like proteins,

and cooling temperature (Bultosa et al., 2008).

2.7.3. Break down Viscosity (BDV)

The breakdown viscosity of flour can be used to describe its paste stability. When
characterizing the stability of starch granules during heating and paste consistency,
breakdown (BDV) is a crucial characteristic. It is the difference between the peak and trough
viscosities (Patindol et al., 2005). The starch sample's ability to withstand heat and shear
stress during cooking would be reduced due to the high viscosity breakdown. The resistance
of starch to thermal pasting is measured by breakdown viscosity. Lower heating tolerance is
found in flour with higher breakdown viscosity. Disrupted granules and linear molecules
leak into solution during breakdown (Wang et al., 2020).

2.7.4. Final viscosity (FV)

The final viscosity reveals the starch's capacity to create a viscous paste after the cooking
and cooling stage at almost 50°C. The starch molecules in the granules were restructured and
retrograded. The fact that it has the highest ultimate viscosity among starchy flours indicates
that it is suitable for use as a food thickening agent in food applications (Shafie et al., 2016).

2.7.5. Set back Viscosity (SBV)

Setback viscosity is the indication of the starch retrogradation tendency after gelatinization
and cooling at 50°C. Setback viscosity can be calculated by subtracting peak viscosity from

final viscosity. Low setback viscosity, which showed a slow rate of starch retrogradation,
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and amylose molecule re-association were the main causes of the viscosity variations during
cooling (Shafie et al., 2016).

2.7.6. Pasting Temperature (PT)

The minimum temperature needed to cook a starch is known as the pasting temperature. It
refers the temperature at which heating causes the viscosity of starch to start to increase
(Kumar & Khatkar, 2017). The initial increase in viscosity happened as proteins and starch
granules started to absorb water and swell as the temperature grew gradually. The
gelatinization properties of the starch source were correlated with the temperature at this
moment generally referred to as the pasting temperature. It is the temperature at which
viscosity first begins to increase. According to the amount of amylose and amylopectin in
the teff cultivars, the ingredient's ability to resist swelling was indicated by the higher
pasting temperature (MATHEW, 2007).

2.7.7. Pasting Time (Pt)

Pasting time is an indicator for the shortest amount of time needed to cook flour. Peak time
refers to the instant in a minute when viscosity peaked (Gebru et al., 2019).

2.8. Dough Rheological Properties

The study of how materials deform, flow, or fail when force is applied is known as rheology.
It is the study of how substances flow and deform, with a focus on how they behave in the
transition zone between solids and fluids. Materials that are deformed and subjected to
shearing forces are known as visco-elastic complexes, and their behavior is described by
rheological properties. The viscosity of starch is its primary characteristic. Texture,
transparency or clarity, shear strength, and the propensity for retrogradation are other
rheological parameters. These attributes all have significant functions in the commercial
applications (Berski et al., 2011). Furthermore, rheology tries to describe a link between the
stress applied on a material and the consequent deformation and/or flow. Force and
deformation as a function of time are used to determine rheological characteristics
(Komleni¢ et al., 2012).
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Dough rheological and final product characteristics are affected by kneading at different
times. Excessively long mixing times result in dough that is softer, less uniform, and stickier
than dough that has been combined properly. Over mixing, on the other hand, has a strong
relationship with the type of flour used (Gomez et al., 2011). The rheological parameters of
foods are used in food quality control and processing, such as energy input calculations,
process design, equipment selection, and, in particular, the selection of heat exchangers and
pumps (Mirza Alizadeh et al., 2020). Rheological characteristics of dough are concerned
with the properties of substances in terms of particle interactions, and they apply to both
solid and liquid entities. The viscosity and elasticity of dough are affected by the mixing
period of dough preparation, which is referred to as visco-elastic characteristics, and their
rheological parameters are strongly related to the form of injera. The existence of specific
components (proteins, starch, and fat) as well as the structure of the injera based on
interactions between the ingredients, as well as preparation methods, have the biggest
impact on the rheological features of foods. Food rheological parameters reflect the quality
of food items to a considerable extent, allowing the development of products with features
that customers find acceptable (Abebe & Ronda, 2014). The rheological qualities of the
dough play a critical role in the behavioral evaluation of dough processing (water
absorption, dough development time) and the end product quality (Codina et al., 2011).
Rheological characteristics such as elasticity, viscosity and extensibility are the vital
properties for bakery industries in prediction of processing parameters of dough quality and

end products. This rheological properties change throughout injera baking process.

G" is the loss modulus, which describes the amount of energy lost by the viscous
deformation of the material and is positively correlated with viscosity; G’ is the storage
modulus, which characterizes the energy stored in the material after elastic deformation, and
is positively correlated with the elasticity of the object. Tan 3 is the ratio of G” to G', which
can be used to determine whether a material tends to be viscous or elastic based on the size

of its relative viscous and elastic moduli (Skendi et al., 2011).

Studies have demonstrated the potential for grain starches to be damaged for a variety of
reasons, particularly during milling (Ali et al., 2014) (Abebe, Collar, et al., 2015). The

overall rheological characteristics and the end products are affected by these damaged
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starches. Both storage modulus (G') and loss modulus (G") increased as particle size
decreased, and both reached their maximum when the flour had the smallest particle size.
This demonstrates how dough becomes more elastic as the particle size decreases (Pang et
al., 2021).

2.8.1. Viscosity of Dough

Viscosity of injera dough is the resistance of dough to movement when shear forces are
applied to it. During dough kneading the viscosity of injera dough is analyzed. Viscometer
measures and records the resistance to deformation over time of a flour/water slurry or batter
while it is subjected to heating and cooling cycles (Pauwels, 2013). Teff starch pastes or
batter exhibit non-Newtonian viscosity behavior, or stress thinning, which is a characteristic
of nearly all starchy foods. Teff starch paste demonstrated a stress maximum that will
decrease when temperature varies between 25 and 90 degrees Celsius. That greater at 25°C
than at 90°C is evident. The creation of hydrogen bonds at lower temperatures stabilizes and

strengthens the matrix, causing the fluctuation of stress and the stiffness of gels.
2.8.2. Elasticity of Dough

The degree to which a dough piece will attempt to regain its original shape after a deforming
force has been removed is known as elasticity. The dough should have a minimum of
elasticity to avoid misshaping caused by “spring-back™ after sheeting and moulding in the

first stage of dough mixing (R. P. Singh & Heldman, 2014).
2.8.3. Extensibility of Dough

Dough extensibility is the ability of dough to stretch or deform. Deforming forces include
sheeting and moulding pressures as well as gas pressure from yeast fermentation. Dough
should have enough extensibility (and minimal elasticity) to yield significant dough
expansion during proofing and baking (M. A. Rao et al., 2014).

2.8.4. Resistance to Deformation of Dough

The term dough softness is used to describe the idea of dough resistance to deformation.
Dough should have as minimal deformation resistance as feasible. This corresponds to ease
of form change during sheeting and moulding, avoiding damage to the rather fragile gas

cells introduced during mixing (R. P. Singh & Heldman, 2014). Rheometer is the
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instrumental material used to measure the rheology of material which shows rheological

properties.
2.9. Preparation of Teff Injera

Injera is a fermented, soft, circular flatbread with little bubble structures or eyes (honey-
comb-like openings) on its top surface caused by CO, creation and escape during
fermentation and baking. It is mainly made from teff grain or a combination of several of
cereals such as barley, sorghum, maize, millet and wheat depending on availability and
abundance (Bultosa, 2007). The most tolerable (sensory) injera should have a lot of eyes, be
softer, thin, rolable, and have a sour taste because of the fermenting process (Girma et al.,
2013b). Commercial mills transform the grains used in injera recipes into flour (disc mills
are the commonly used). It is customary to combine one part flour with two parts water and
around 16% (w/w) "ersho" by weight of flour. The flour, water, and ersho are properly
mixed to produce a thin, watery paste, which is then fermented for 2-3 hours (Ashagrie &
Abate, 2012). After 2-3 days primary fermentation, a portion of the batter mixed and boiled
to produce absit. A prepared absit mixture is returned to the original fermented batter for a
2-hour secondary fermentation and finally, the batter is ready for making injera. Injera is
baked by putting roughly about 400ml of batter onto a heated greased plate known as a
"metad” (clay injera griddle) and moving it around in a circular motion from the edges to the
middle (Neela & Fanta, 2020). The majority of Ethiopian people like and consume injera
made from teff on a regular basis due to its softer texture, preferred taste, acceptable color

and nutritional value.
2.10. Quality Characteristics of Injera

The appearance, texture, and flavor of injera are all strongly tied to its quality. A typical
injera is rounding, soft, porous, Fluffy, and resilient, with uniformly placed honeycomb-like
"eyes" on the top, about 6 mm thick and 60 cm in diameter. Injera is remarkable in that it is
leavened while not being manufactured from gluten-containing grain (Attuquayefio, 2014).
Poor grade injera has huge unevenly spread eyes or small eyes. The former denotes
insufficient fermentation, whereas the latter denotes excessive absit in the dough. Injera's
backside is usually smooth and lack of eyes. An excellent injera is also spongy and won't

crack when folded and excellent grade injera will also have a non-powdery, silky look.
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Injera of poor quality is fragile, crumbles readily when handled, and has a powdery, dry, or

sticky, rusty brown appearance on the back (Fikre, et al., 2019).

Depending on the color of the Teff flour used, injera might be pale, cream, reddish brown,
or brown in hue. The most popular injera is whitish or cream in color, with a soft and
malleable texture that lasts for up to three days after cooking, is relatively thin, and has
evenly spaced medium-sized eyes. The backside of the injera must be smooth, not sticky,
and free of rust or burn marks. When touched, good quality injera does not fluff up and
adhere to the fingers. To get the right taste combination with the spicy stew, good injera
must be slightly sour. Injera should also have a spongy texture. Texture refers to how a
substance feels in the hands and mouth as a whole. It affects the flavor release of a food
product and contributes to the overall eating experience. Because injera is used as a utensil,
its texture is an important quality attribute. The fermentation procedure and the length of
time for fermentation have a significant impact on the quality of injera. The flour particle
size and dough kneading time are also the basic quality parameters that decide the
acceptance of injera for consumer (Abebe, Ronda, et al., 2015). The measurement of a
food's reaction to pressures including cutting, shearing, chewing, compressing, or stretching
is known as instrumental texture evaluation. The viscoelastic characteristics of the food

influence its texture.

The inspection of a product (such as meals and beverages) through the evaluation of the
properties traceable by one or more of the five human senses such as taste, smell, touch,
sight, and hearing is referred to as sensory evaluation. In food science, it is used to honestly
evaluate food quality. Because it makes it possible to determine objectively whether or if
consumers will accept a novel food product, it is frequently a crucial tool (Piana et al.,
2004). Color, flavor, texture, number of eyes, eye size, eye distribution, top and bottom
surface, and overall acceptability of injera were quality parameters that are analyzed by

sensory panelist for injera (Cherie et al., 2018).

Abraha & Abay (2017) assessed the sensory qualities of injera produced from a blend of

cereals (Teff, barley, sorghum, and maize) in proportions of 100, 75, 50, and 25%. Their

findings found that cereal flour mixes in injera had no significant differences in texture,

mouth feel, overall acceptability, color, flavor, and the appearance of injera surface eyeballs.
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According to the findings of this study, the quality of injera made using teff and other grains
was second only to teff. The taste of injera is related with the sweet, sour, and bitter
sensations produced in the mouth by injera contact (Ghebrehiwot et al., 2016). One of the
most essential factors is the appearance of injera, which refers to the quality of the eyes
(cells) of the honeycomb-like structure of the top surface of injera generated during cooking

owing to escaping CO; bubbles (Yetneberk et al., 2005).

Y. Assefa et al., (2018) studied the effect of teff mill type (hammer mill, disk mill, and blade
mill) on sensorial quality of teff injera. Accordingly there was no significant difference
between hammer mill injera, disk mill injera and blade mill injera in color, odor, and taste,
number of eyes, eye distribution and the top and the bottom surface of injera. The three
injeras were described as white in color, acceptable in flavor, slightly sour in taste, with a
non-sticky and non-powdery top and bottom surface, and with many eyes and regular eye
distribution. However, a significant variation in texture strength (degree of softness), eye
size, and overall acceptance were identified. Disk mill injera (6.9) has a significantly softer
texture than hammer mill injera (4.10) and blade mill injera (3.5). Hammer mill injera and
blade mill injera, on the other hand, had considerably higher eye size scores, 6.0 and 6.1,
respectively, than disk mill injera (1.6). The majority of injera consumers are more focused
on their organoleptic acceptability than on nutritional value, microbiological safety, and
cleanliness (Gill et al., 2020).

2.11. Microbial Quality of Injera

Injera spoils due to the growth of yeast, mould, and other microorganisms after baking,
which imparts an undesirable flavour and colour to the injera and renders it unfit for
consumption (Rawat, 2015). Microorganisms are thus the most prominent cause of food
deterioration, particularly in injera, due to their activity and proliferation. The types and
numbers of microorganisms found in food are mostly determined by the type of food and the
degree of contamination (King, 2009). As a result, food preservation is primarily associated
with the prevention or reduction of microbial activity.

The teff flour, water, and vessel are all important sources of inoculum for teff fermentation.

Teff seeds are contaminated with a wide range of soil and fecal particles during the
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traditional threshing process (Desiye et al., 2017). According to this study the
microbiological alterations that occur during the traditional fermentation of teff batter made
from "Kuncho" and "Magna" flour have been investigated. The total aerobic mesophilic
counts were high (cfu/mL) and increased consistently until 48 hours of injera batter
fermentation, with the LAB and yeasts being the main microorganisms.

The aerobic mesophilic counts of teff injera ranged between 1.83 to 2.39 log10 cfug™ and
the yeast and mold counts ranged between 0.39 and 2.35 cfug™ that are stored at different
storage days (Godebo et al., 2019). On the other hand the total aerobic bacteria plate count
and total yeast-mold count of teff injera on the day of baking were not detected. But on the
day three and six storage 3.88 and 7.53 log cfug™ for total aerobic bacteria plate counts
while the total yeast-mold count is 3.87 and 7.53 on day 3 and 6 storage respectively
(Anberbir et al., 2023).

2.12. Nutritional Composition of Teff Injera

Teff injera was found to have better nutritional value than injera made from other cereal
grains (Mihrete & Bultosa, 2017). According to this study the proximate composition of teff
injera ranged from 11.08-12.66% (protein), 2.15-2.53% (fat), 1.35-1.45% (fiber), 60.74-
69.60% (CHO) and 348.07-337 kcal/100g (energy). Woldemariam et al. (2019) reported
proximate composition of teff injera as 5.82% moisture, 3.51% fiber, 10.62%b protein,
1.02% fat, 3.2% ash, and 79.34% carbohydrate and 374.81kcal/100 g energy. In addition to
supplying proteins and calories, teff injera has a high nutritional value that includes
significantly superior amino acid composition, especially lysine, which is limited in other

cereal-based injera (Baye, 2014).

The mineral and ant-nutritional contents of teff injera were reported by Yegrem et al.,
(2021). Accordingly teff injera contains 167.69 mg/100 g calcium, 15.43 mg/100g iron, 2.40
mg/100g zinc, 12.12 mg/100 g tannin and 122.54 mg/100g phytic acid. The mineral and
phytochemical content of teff injera was reported by Anberbir et al., (2023) as
12.82mg/100g iron, 136.22mg/100 g calcium, 1.14 mg/100 g zinc, 5.90mg catechin equiv.
/100g tannin, 128 mg/100 g phytic acid and 132.42 GAE/100g total phenolic compounds.

22



3. MATERIALS AND METHODS

3.1. Experimental Materials and Sample Preparation

Tseday variety of teff grain which is approved by Amhara National Regional State Seed
Quality and Quarantine Authority was collected from Adet Agricultural research center. A
total of thirty five (35) kilograms of teff sample was collected for both preliminary and main
research work. The variety was selected based on its popularity, resistant to short rainfall,
high yield and early maturity in Ethiopia(Korji, 2018, Tadesse et al., 2016). The raw teff
was pre basic seed of 2014 E.C. meher season grain and the moisture content when packed
by 21/08/2014 E.C was 9+0.1% on dry basis. Then teff grain was manually cleaned by
winnowing and sifting to remove foreign materials and debris such as stone, soil, straw and
any non-grain materials followed by sun dried before milling. The cleaned and sifted sample
was milled into different particle size using local attrition miller (stainless steel pin miller
(china)) which is commonly used for commercial teff grinding in Ethiopia. The flour was
subsequently separated into different particle-size ranges using different mesh size of sieve.

The flour particle size was evaluated by passing the teff flour through an automatic standard
sieve (Y. Assefa et al., 2018). Necessary preventive and precautionary measures were taken
during sample preparations to avoid adventitious contamination by wearing gloves, using
clean plastic polyethylene bags and keep sample preparation environment clean. The flour
prepared was packed with polyethylene plastic bag and kept at refrigeration temperature

(4°C) until product formulation and further functional and physico-chemical analysis.
3.2. Study Site

The experiment was carried out in Bahir Dar Institute of Technology (BiT) Food
Engineering laboratories located in Bahir Dar, Ethiopia at which the city lies between the
latitude of 11°57'00"N and longitude of 37°36'00"E with average altitude of 1800m above
sea level (Weldegerima et al., 2018). Analysis of phytate content of both flour and injera
was done at Addis Ababa University College of Natural and Computational Science. The
pasting and rheological properties of flour were determined in Addis Ababa Science and
Technology University. The mineral contents of samples were evaluated in Bahir Dar

University Peda Campus department of chemistry.
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3.3. Experimental Design

The study was laid out in completely randomized design (CRD) with full factorial

arrangements with two ways analysis of variance performed in triplicate. The experiment

was performed with two factors comprising; flour particle size and dough kneading time.

Maximum and minimum levels of factors were investigated by doing a preliminary analysis.

Experimental design of the research was with specific value of 4 minutes, 8 minutes, and 12

minutes dough kneading time with a constant moderate kneading speed of #K, (164rpm) and
fine (0-180um), medium (181-355um) and coarse (356-500um) flour particle size. Whole

teff flour commonly used by society to make injera was taken as control flour which holds

all flour particle size including 0.81% left on 500um sieve size.

Table 3.1. Experimental design of the research/treatment combination

Flour Particle

Dough Kneading Time (Factor 2)

size(Factor 1)

KT, KT, KTs
FFPs FFPs*KT, FFPs*KT, FFPS*KTs
MFPs MFPs*KT; MFPs*KT MFPs*KTs3
HFPs HFPs*KT, HFPs*KT HFPs*KTs
CF CF*KT, CF*KT, CF*KTs;

Where:- KT=Kneading time, FPs= Flour Particle size and K;, K,, K3 are 4 min,8 min,12 minutes

respectively and FFPs, MFPs, HFPs are fine (0-180um), medium (181-355um), coarse flour

particle size (356-500um) respectively and CF= control flour
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Figure 3.1. The overall experimental framework of the research
3.4. Determination of Flour physical Properties
3.4.1. Flour Particle Size Determination

The flour particle size was evaluated by passing through an automatic standard sieve
(SHANG HAI HONGZHOQU, China). The particle size of teff flour was conducted by sieve
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shaker as stated in AACC based on milling standard of grain sieves. The sieve openings of
500um, 355um and 180um were used for experimental samples (Y. Assefa et al., 2018). The
flour fractions passing through 180um were named as fine flour, flour fractions passing
through 355um and retained on 180um was named as medium flour particle size, flour
fractions passing through 500um and retained on 355um was named as coarser flour particle
size. The commercial whole teff flour was used as control flour. The percentage fraction of
the sample obtained with each sieve was measured by weighing (Abebaw, 2020). The

weight rating of each size range was calculated as equation below

weight passed through sieve

0 : . _ .
% Weight of obtained flour Total weight X100........cceee equation (3.1)

3.4.2. Determination of Flour Moisture Content

Flour moisture content was determined according to AOAC (2005) method 925.10 (Nielsen,
2010). A moisture dish was washed and dried in an oven (model PF120 (200) England) at
105°C for 1 hour and placed in desiccator to cool. The weight (Using Precision digital
balance) of the empty moisture dish (W1) was recorded. Sample (5gram) was weighed in
dry moisture dish (W2) and kept in an oven set at 105°C for 6hour until constant weight

reached (W3). The moisture content of flour was then determined as:

wW2-wW3

Moisture content (MC %) = -———=x100............cccccciii Equation (3.2)

Where: W1 is mass of the empty dish (g), W2 is an initial mass of the sample and dish
before drying (g) and W3 is mass of sample and dish after drying (g)

3.4.3. Flour Color

The color of the teff flour samples were evaluated according to the method used by Abebe et
al (2015) using spectrophotometer (color spectrophotometer CM 600d, Konica Minolta, Inc,
Japan). The results were obtained by the coordinates of CIE L*a*b. White standard tile was
used for calibration as standard reference reading (L*, a*, b*). The values of the colors are
expressed as L* (whiteness or darkness), a* (redness or greenness), and b* (yellowness or
blueness). The flour samples were placed on the colorless Petri dish and measured. The hue

(h) and the Chroma (C*) were calculated from equation 3.3 and equation 3.4 respectively as
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used by Y. L. Assefa et al (2018).

N= AN DT2) oo, equation 3.3

C= (@) 2+ (D) ) 2 e, equation 3.4
Where: Hue angle is the color perceived by the naked eye and the color measured in degree
and Chroma is the chroma city coordinate which is perpendicular to the distance from

lightness.
3.4.4. Flour Water Activity Analysis

The water activity of flour samples were determined using Aqua Lab Life water activity
measuring unit manufactured by Decagon a,, meter, (2004 in USA). Each sample was half
filled in a small plastic cup supplied with the instrument and inserted in to the instrument.
The water activity of each sample was recorded from an automatic display (Carter et al.,
2015).

3.4.5. Bulk Density

Bulk density of the flour samples were measured by funnel method according to the method
used by H. W. Woldemariam et al., (2021). The flour sample was filled into the measuring
cylinder (100mL volume) using conventional funnel. The top layer of the powder was
carefully flattened with a strip of iron. A specified quantity of the flour sample was
transferred into an already weighed measuring cylinder (W1). The bulk density was

calculated as weight of sample per unit volume of sample (g/mL) (Liu et al., 2013).
3.4.6. Flour Pasting Properties

The Pasting properties of flour samples were analyzed by Rapid Visco Analyzer (RVA) as
the AACC method 76-21.02 adopted by Alemneh et al., (2022). Flour suspensions were
used to record flour viscosity profiles (8%; 28 g total weight). Flour (3.5 g) was weighed
into a dried empty canister, and 25 ml of distilled water was dispensed into the sample
canister. The mixture was fully mixed, and the canister was inserted into the RVA according
to the manufacturer's specifications. The suspension was held at 50°C for 1 minute, heated at
a uniform rate to 95°C for 8 minutes, then held at 95°C for 5 minutes before cooling to 50°C
within 8 minutes, and finally held at 50°C for 1 minute. With the use of Thermocline for

Windows Software linked to a computer, the pasting parameters registered during analysis
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in RVA include peak viscosity (PV), viscosity at trough (TV), and final viscosity (FV) were
recorded, and breakdown (BDV, which is PV minus TV) and setback (SB, which is FV
minus TV) were determined. The results were expressed as centipoise Unit (cP) for all
parameters except pasting temperature and pasting time, which is expressed in °C and

minutes respectively.

3.5. Functional Properties of Flour
3.5.1. Water Absorption Capacity

Water absorption capacity of different flour particle size was determined by the method of
centrifugation as used by Yu et al (2007). About 2.5 grams of flour sample was weighed into
the clean and dried centrifuge tube (W1) and (25mL) of distilled water was added. The tube
containing sample and distilled water was gently shacked by vortex mixer for 10 minute.
The samples were allowed to stand for 30 minute at ambient temperature and transferred to
centrifuge for 10 minutes at 3300rpm. Water was decanted by inverting the tube. The weight
of the sediment with the tube was taken (W2). Finally the decanted water was dried in dry
oven for 6hr at 105°C and added to sediment as dry sample (W3). Water absorption capacity

was calculated as in equation 3.5.
WAC (MmI/g) = (W3-W2)/WL.....oiiiiii e, equation 3.5

Where: W3= is weight of empty tube + Sample after centrifuged and decanted
W2=is weight of empty tube + sample before centrifuged

W1=is weight of dry sample

3.5.2. Water Solubility Index (WSI) and Swelling Power (SP)

Water solubility index and swelling power of flour was estimated by the method used by
Awolu et al (2015). About 2.5 g of sample was weighed in to 100mL conical flask hydrated
with 50 mL of distilled water and shaken for 10 minutes with vortex mixer. The conical
flasks with its contents were put in a water bath maintained for 85°C for 40 minutes with
stirred regularly. After heating, the resulting slurry was cooled to room temperature and was
quantitatively transferred into centrifuge tube by washing with 15ml distilled water and

centrifuged at 3300rpm for 10 min. The supernatant was decanted into a pre-weighed

28



evaporating dish, dried in an oven at 105°C for 6hr. to a constant weight for estimation of
WSI of the product. The dried supernatant and residue/ sediment were weighed. The

swelling power and water solubility index was calculated as follows:

Weight of zoluble or dry supematant

2WSI=

— *x100.. ... Equation (3.6)
Weight of sanmple

SP (g/g) = Weight of sediment/ (weight of dry sample-weight of dry
SUPEINALANT. ...ttt e, Equation (3.7)

3.5.3. Oil Absorption Capacity

The procedure used for water absorption capacity was used for oil absorption capacity
determination except that oil was used instead of distilled water. About 2.5 g of flour sample
(W1) was weighed into pre-weighed 50 mL centrifuge tube and thoroughly mixed with
25mL (initial oil volume) of refined soy bean oil using vortex mixer. The sample-oil mixture
was centrifuged at 3300 rpm for 10 minutes. Immediately after centrifugation, the
supernatant was carefully poured into a graduated cylinder, and the volume was recorded
(unabsorbed oil volume) (Karki, 2016). The volume of the unabsorbed oil was determined
and OAC was calculated as follows:

Weight of 0il Absorbed
Sample Weight

OAC=

.................................................. (Equation 3.8)

3.5.4. Water Absorption Index (WAI)

Water absorption index (WAI) (g/g) was determined by the method outlined by Yousf et al.,
(2017). The volume that the granule or starch molecule holds after swelling due to an excess
of water is measured by the water absorption index (WAI). Flour sample of about 2.5 g was
suspended in distilled water at room temperature for 30 minutes, gently stirred during this
period and then centrifuge at 3300 rpm for 10minutes. The supernatant liquid was poured
carefully in to tared evaporating dish. The remaining gel was weighed and WAI was

calculated as grams of gel obtained per gram of solid.

welght of sediment

Water absorption index (WAI) (g/g) = Weight of dry salid 7T Equation (3.9)
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3.6. Preparation of Dough and Injera
3.6.1. Dough Preparation

Teff dough was prepared according to Baye et al., (2013) and Yetneberk et al., (2004) with
little modification on kneading time and ratio of water and flour. Amount of starter (Ersho)
equal to 5% (50mL) of flour weight base was initially added to each sample of teff flour
dough. This starter was prepared three days before dough preparation started for initiation of
dough fermentation. The teff flour of 1kg was mixed with 1.5L potable water and mixing for
the dough kneading times (4, 8 and 12 min) by constant kneading speed of #K,/164 rpm.
The dough was pressed down to the bottom of the bowl to allow the fermentation
temperature of the bowl. The water left back from dough preparation was added over the
pressed dough to protect the surface of the dough from molding during fermentation. Then
the dough was stored for 60 hours at room temperature for the first phase fermentation.

Water Flour Starter/Ersho 4{ Obtained from previous fermentation ]

L_Ii

Press down to o| Add water over | Change the
Mechanical bottom of the bowl pressed dough surface water
kneading
for 4, 8, L v ¥
12min To allow fermentation || To protect the surface of || For healthy
temperature in the bowl the dough from molding || fermentation
during fermentation process

Figure 3.2. Flow diagram of dough preparation
3.6.2. Determination of Batter Viscosity

The viscosity of the batter was evaluated by a rotational digital viscometer (Visco Star plus
FUNGI LAB S.A.) with R4 spindle number. The instrument was leveled with its appropriate
spindle number (R4) and rpm needed to evaluate were all set to its standard. The selected

measuring feature was displayed on the LCD of the instrument and about 50 mL of ready to
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bake batter was brought to the Viscometer and loaded spindle was immersed up to the mark
into the beaker containing the sample. The viscosity of the batter was measured just before
baking for all the samples by controlling the temperature using water bath at 30°C (Xu et al.,
2014)

3.6.3. Batter pH Test

Dough prepared from different particle size with different kneading time was fermented and
thinned to batter dough ready to bake injera. The pH of fermented dough and thinned to
batter (ready to bake) was measured by scientific electronic bench top pH meter (Model:
PHS-25/3C) after calibrating with buffers at pH 4.0 and 7.0. The pH electrode was
immersed in the beaker containing the batter samples (fermented), and a stable result was

recorded.
3.6.4. Determination of Titratable Acidity of Batter

Titratable acidity (TA) of batter was evaluated by 0.1N of NaOH in the presence of
phenolphthalein as color indicator. 0.1N of sodium hydroxide solution and phenolphthalein
indicator were prepared for the measurement of TA of the batter. Using burette titrate, ten
(10) mL of the sample was combined with 100 mL of distilled water and titrated with 0.1 N
NaOH to an endpoint PH of 8.2. (Titroline Alpha Plus TA 20, S.I. GmbH, Mainz, Germany)
in the presence of three drops of phenolphthalein indicator. Each titration's volume of NaOH
was recorded when the color changes to pink, and the titratable acidity was expressed as
percent lactic acid (AOAC, 1995) using the Equation 3.10 below.

. . (mL of NaOH d)=(0AN NaOH)=0.09:=100 -
% Lactic acid = b of NaOH used)x 20H)X009X100 . Equation 3.10

Volume of of zample

3.7. Dough Rheological Properties

The dough samples were subjected to dynamic oscillatory rheometer using a Kinexus
Knx5210 (United Kingdom) rheometer with a serrated surface parallel plate (40 mm
diameter) and with a 1mm gap at 25°C, in accordance with the methodology given by
(Abebe & Ronda, 2014). Samples were given five minutes to relax before beginning the
experiment. The frequency of 10 to 0.1Hz sweeps were conducted in the previously

identified linear viscoelastic zone. At a frequency of 1 Hz, stress sweeps were performed
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from 0.01 to 500 Pa. The dough was made three times, and the measurements were done in

triplicate. The elastic modulus (G', Pa), viscous modulus (G", Pa), and tan ¢ (G"/G') were

measured for a stress value inside the linear viscoelastic region using a frequency sweep test

(w, Hz). The coefficients G', G", and (tan 0) represent the elastic, viscous, and loss tangents

at a frequency of 1 Hz, respectively. The frequency ranges (1-10 Hz) were used for fittings,
and a linear double logarithm curve was carefully obtained. The loss tangent was calculated

from viscus modulus and elastic modulus as equation 3.11 below.

G" .
Tan 6= G equation 3.11

3.8. Injera Preparation

The preparation of injera was performed as stated by Gebru et al., (2019). About 1Kg of teff
flour was mixed with 1.5L of potable water and the dough was fermented at room
temperature for 60 hours with adding starter culture (Ersho). After 60 hour of first phase
fermentation which gives the injera its tangy taste. The surface water formed on top of
dough was discarded. About 10% of the fermented dough was thinned with 750 mL water
and boiled for 10 minutes to gelatinize the starch. Gelatinization (cooking) was used to
achieve two goals: first, to make the dough more cohesive (dough binder) and second, to
give easily fermentable carbohydrate to leaven the injera. The gelatinized batter, often
known as 'absit," was cooled to room temperature and then reintroduced to the fermenting
dough. Water (200 mL) was added after thorough mixing to thin and form the right
consistency of batter and the batter was fermented at room temperature for 6hours. Then the
fermented batter was putted in a circular pattern on a heated clay griddle (metad) with a
diameter of 50 cm, covered and baked for about 3 minutes on 220°C (Girma et al., 2013b).
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3.9. Physico-Chemical Analysis of Injera
3.9.1. Color Analysis

The color of injera was evaluated according to the method used by Abebe et al (2015) using
spectrophotometer (color spectrophotometer CM 600 D, Konica Minolta, Inc, Japan). The
results were obtained by the coordinates of CIE L*a*b. White standard tile was used for
calibration as standard reference reading (L*, a*, b*). The values of the colors are expressed
as L* (whiteness or darkness), a* (redness or greenness), and b* (yellowness or blueness).
The injera samples were placed on the colorless Petri dish and measured. The hue (h) and
the Chroma (C*) were calculated from equation 3.3 and equation 3.4 respectively as used Y.
L. Assefa et al (2018).

M= taN 0 7) e equation 3.12

C= (@) 2+ (D) ) 2 e, equation 3.13
Where: Hue angle is the color perceived by the naked eye and the color measured in degree
and Chroma is the chroma city coordinate which is perpendicular to the distance from

lightness.
3.9.2. Instrumental Texture Analysis

Using a texture analyzer (TA-XT plus texture analyzer (Stable Micro Systems, Godalming,
UK) similar to that developed by Fox et al., (2020) the texture/firmness of injera was
assessed. Prepared injera was sliced into uniform strips by using clean and sharp knife for
texture analyzer. The injera pieces were kept at room temperature in polyethylene bags for
1%, 2" and 3™ days of storage. The peak force of stored injera was measured by using a
texture analyzer in compression mode with a sharp blade cutting probe and TA 90 heavy-
duty platform. The following testing profiles were used to measure the thickness and
firmness of injera slices using calipers. Pre-test speed (1.0mm/s), test speed (3.0mm/s), post-
test speed (10.0mm/s), distance (15mm) and trigger type (0.049N auto). The sample pieces
were positioned over the bending rig's vertical struts, which were spaced 30mm apart, and
clamped at both ends. Over a 15mm distance, the strips were squeezed at a constant rate of
10mm/s. The hardness cutting of the bending force was used to compute the peak force (N)

of each injera prepared from different flour particle size and varied dough kneading time.
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3.10. Sensory Evaluation

Prepared injera from different flour particle size and dough kneading time was evaluated for
the sensory parameters by the untrained panel of 50 (25 male and 25 female) judges based
on the five point hedonic scales. Panelists were randomly selected from students and staffs
of Bahir Dar Institute of Technology who were willing to take part in the sensory evaluation
activity and regularly consume injera as their staple food (Stone & Sidel, 2004). Eight
injera quality descriptors were assigned for the sensory evaluation. The injera quality
descriptors used in sensory evaluations were color, taste, eye size, rollability, texture, eye
distribution, and top and bottom surfaces of injera and overall acceptability of injera. Each
factor's relative importance was compared numerically on a scale of 1-5, ranging from
dislike very much to like very much. Samples were coded and arranged in a random order
and placed in identical containers and served to the sensory panelists to prevent any
prejudice. A glass of potable water was provided for panelists so that they rinse their mouths
between samples (Olaoye et al., 2007). Panelists were instructed for the terms in the quality
descriptors and ways of evaluating for those who were new for sensory analysis yet. Using a
consumer-focused sensory panel, the impact of dough kneading duration and teff flour
particle size on the sensory qualities of injera was evaluated. Sensory evaluation was

performed three hours after baking of injera (Y. Assefa et al., 2018).

3.11. Microbial Analysis of Injera

Fresh baked injera was taken aseptically from every quarter parts of injera and blended for
microbial load analysis. AOAC, (2005) technique was used to count total bacteria and
mold-yeast, on injera samples after 1%, 3" and 5" days of room temperature storage. The
samples of fresh injera was packed and stored separately to analyze microbial load. All
materials were sterilized during injera taking and media preparation. Plate Count Agar
(PCA) was used as a media for total microbial load analysis and Potato dextrose agar (PDA)
as mold and yeast growth media.

3.11.1. Analysis of Total Bacterial Load

Plate count agar (standard methods agar) was prepared according to the manufacturer's

direction written on the package of the media as the method used by Anberbir et al., (2023).
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About 23.5 grams was suspended in 1000mL of distilled water and heated to the boiling to
dissolve it completely. Then the boiled media was sterilized by autoclaving at 121°C for 15
minutes (15lbs pressure). It was cooled to 65°C in water bath before used. About 1gram of
peptone and 8.5 grams of NaCl was mixed to 1000mL of distilled water to prepare peptone
water and sterilized at 121°C for 15 minutes. About 10 grams of Injera samples were
collected aseptically and homogenized in 90mL sterile 0.1% peptone water in a blender for 2
minutes, followed by serial dilutions. One milliliter of each dilution was pour plated in
sterile Petri dishes, the stomacher dilution represents the 10%, 10, 10 10°, 10®and 10~
dilution prepared by using 9ml peptone water for the 1% day storage analysis and 107, 10,
10,10, 107, 10%and 10° for the 3 and 5™ day storage. About 20 mL of the prepared
PCA was poured on the petri dish aseptically and allowed to solidify at room temperature.
Serial dilutions of the suspension were prepared and about 1mL aliquots were taken using
micropipette and spread on the solidified PCA and incubated at 30°C for 72 hrs. The counts
of visible colonies were made by using colony counter and expressed log10 cfu/g of samples
before statistical analysis (Achenef et al., 2013). On plates with 25 to 250 colonies of total

aerobic bacteria were counted using a colony counter as cfu/g.
3.11.2. Analysis of Yeast and Mold Load

Based on the method used by Godebo et al., (2019), potato dextrose agar was prepared
according to the manufacturer's direction written on the package of the media. About 39
grams was suspended in 1000mL of distilled water and boiled to dissolve it completely.
Then the boiled media was sterilized by autoclaving at 121°C for 15 minutes (15lbs
pressure). About 1gram of peptone and 8.5 grams of NaCl was mixed to 1000mL of distilled
water to prepare peptone water and sterilized at 121°C for 15 minutes. About 10% of tartaric
acid was used to acidify the PDA media. Tartaric acid (10mL) was used for 2000mL media.
Injera samples (10 grams) was collected aseptically and homogenized in 90mL sterile
peptone water 0.1 percent in a blender for 2 minutes, followed by serial dilutions. One
milliliter of each dilution will be poured into sterile Petri dishes, with the stomacher dilution
representing the 107 dilution, 10% 10 10™ and 107 dilutions prepared by using 9ml
peptone water tubes and potato dextrose agar (PDA) with chloramphenicol addition and

stored at room temperature for 5 days. Using a colony counter, counts of visible colonies
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were made and expressed as log CFU/g. Finally the numbers of colony forming units (CFU)
per ml of original stock were calculated by the equation 3.14.

The colonies of 15 to 150 yeast-mold count were taken into consideration for the appropriate
yeast mold load on injera.

Mo of colomies ® Total dilution factor .
CFU/mL= e Equation 3.14
Volume of culture plated in mL

3.12. Drying of Injera Samples

In an air oven drier (Model: DHG- 9140A; Zenith Lab Inc, China), the freshly baked injera
was dried at 70°C for 6hours by spreading over aluminum foil and grinding into a fine flour
and the packed samples were stored at 4°C for further experimental analysis (Girma et al.,
2013a).

3.13. Analysis of Proximate Composition of Injera
3.13.1. Moisture Content

The moisture content of formulated injera from different particle size and different kneading
time was determined according to AOAC (2005) official method 925.10. Moisture dish was
washed and dried in Oven at temperature of 105°C for 1hour and placed in desiccator for
cooling. The weight (Using Precision digital balance) of the empty moisture dish (W1) was
recorded. Almost 5gram sample was weighed in dry moisture dish (W2) placed in an oven
set at 105°C for 6hour until constant weight reached (W3). The moisture content of injera

sample was then determined as follows:

Wa-W3

Moisture content (MC %) = o——

100 ... Equation 3.15

Where: W1 is mass of the empty dish (g), W2 is an initial mass of the sample and dish
before drying (g) and W3 is mass of sample and dish after drying (g)

3.13.2. Crude Protein Content

The crude protein content of the injera sample was determined by micro-Kjeldahl method as

stated in the AOAC (2005) Method 991-20 (Kjeltec 8400, Auto Sample Systems, Foss,

Sweden). About 0.5 g flour sample was weighed into Kjeldahl digestion flasks and 2 grams

of catalyst mixture (CuSO, and NaSQ, in the ratio of 1:10) was added in to each flask. Then,
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6 mL of concentrated H,SO,4 (98%) was added and the sample was digested for 3 hours at a
temperature of 420°C until the solution was clear white. With the completion of the
digestion (when the digested sample becomes colorless or light blue) the samples were
allowed to cool. After the samples were cooled, 50 mL of distilled water was added into
each digestion flask followed by 40 mL of 40% NaOH. Immediately the contents were
distilled by inserting the digestion tube line into the receiver flasks that contain 25 mL of 4%
boric acid solution. The collected ammonia distillate was then titrated against a standardized
0.1N HCI until the end of the titration is attained (where the titration color changes from
blue to pink). Then the volume of HCI consumed to reach the titration end point was read

from the burette and the %nitrogen content was calculated as follows:

Ve — V. ® N * 14.00
Nin"crgen(%] — ( HCl HCllhlanl-lqj HCl — X 100
sample weight in dry matter basis

Where Vi is volume of HCI in litter consumed to the end point of titration, Viyc piank 1S the

volume of HCI in litter consumed to titrate the blank, Ny is normality of HCI used and

14.00 is the molecular weight of nitrogen. Percent nitrogen was expressed on dry matter
basis and the resulting value multiplied by a factor of 6.25 to obtain percent protein content
of each variety at each location. Analytical grade urea was used as a control.

3.13.3. Crude Fat

Fat content of injera and flour samples were evaluated by using semi-continuous solvent
extraction method (Soxhlet method) according to AOAC (2003.05) method 920.39. About
five (5) gram of sample was weighed and transferred to thimble. Then the thimble
containing sample was placed into extraction chamber. 150 mL of n-hexane was added and
power turned on with the continuous water condenser released. After six (6) hour extraction,
power turned off and extracted fat containing little amount of hexane was transferred from
the extraction flask into a pre-weighted small beaker. The chamber was rinsed with hexane
to collect the left fat. The hexane transferred to beaker with extracted fat was evaporated for

1 hour in drying oven of 105°C. Then it was removed from the oven and cooled in
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desiccator. The beaker and final crude fat content were re-weighed again. The Crude fat

content was then computed as the equation 3.18

W2-W1
Weight of sampls

Crude fat (%) = =100 .. Equation 3.18

Where W1 = Weight of the empty beaker in gram (g)
W2 = Weight of the beaker and the dried crude fat in gram (g)
3.13.4. Total Ash Content

Total ash content of samples was analyzed according to, AOAC (2005) method 923.03 using
the combustion method in a muffle furnace at 550°C. The crucibles were washed and dried
in drying oven for 2 hour at 105°C. Clean and dried crucibles were weighed to the closest
milligram after cooling in desiccators (with granular silica gel) for roughly 30 minutes at
room temperature (W1). About 5 g of samples (in triplicate) were placed in the pre-weighed
crucibles and weighed (W2). Then the sample was thoroughly charred in a fume hood by
placing it on a hot plate, increasing the temperature slowly until smoking ceases. After the
completion of charring, the sample was placed in muffle furnace at 550°C for 5 hours. The
ignition was continued by cooling for Lhour and weighing until getting a clean and white ash

to the nearest milligram (W3).

The ash content was analyzed by calculating using Equation 3.19

Wi-Wl
s
TWIWL e

Total ash content (%) = Equation 3.19

Where
W1 = Mass of the Crucible (g)
W2 = Mass of the Crucible and the Sample ()
W3 = Mass of the Crucible and Dried Sample (g)
(W2-W1) = Initial Sample Weight (g)
(W3-W1) = Weight of Ash in (g)
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3.13.5. Crude Fiber Content

Crude fiber content of teff flour and injera samples were determined by AOAC 978.10 (I1SO
6865:2000) Weende method. Acid, alkali and acetone solution was prepared to wash the
ingredients in the sample to differentiate fiber and mineral from other proximate content or
organic matter (Yegrem et al., 2019). Two (2) grams of samples was weighed and
transferred into capsule. The capsule containing the sample was placed in the 600 ml beaker
and 200mL of 1.25% sulphuric acid solution was added. The beaker was putted hot plate to
boil and wash the sample with sulphuric acid for 30 minutes by shaking periodically. At the
end of digestion with boiled sulphuric acid solution; the beaker was removed from hot plate
and rest for one minute. Then the samples were washed with distilled water to remove acid
residues and neutralize the pH. After 30 minutes of heating by gently keeping the level
constant with distilled water, 200mL of 1.25% NaOH solution was added into beaker and
again allowed to boil gently for another 30 minutes and filtering to remove proteins, some
hemicellulose and lignin. Then the washing step was performed again in order to remove the
alkali residues with distilled water and neutralize the pH. The samples was then washed and
filtered with 1% of HCI to clear left starch and sugar and wash with distilled water. The
Samples was defatted with acetone and the last washing was performed. The samples were
then dried in an electric oven (Memmert 854 Schwabach, West Germany) at 130 °C + 2 °C
for 3hrs. Then, it was cooled at room temperature for 30 minutes in desiccators and
weighed, finally transfers the crucibles to muffle furnace (Carbolite Aston Lane, Hope, and
S20 England.) for 4 hours ashing at 550°C until carbon-free and were cooled again in

desiccators. Finally, the mass of each crucible was recorded.

Using the formula 3.7, the crude fiber content was analyzed.

M] w100, ..o Equation 3.20

% Crude fiber :[ —

Where: W1 = weight of empty (pre-weighed) crucible, W2 = weight of initial sample,

W3 = weight of dried residue with the crucible, W4 = weight of ash with the crucible
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Figure 3.4. Crude fiber content determination
3.13.6. Total Carbohydrate

The total carbohydrate content was calculated by deducting the sums of the crude protein,
total fat, moisture, and ash in a portion from the injera overall weight (Onyeike et al., 1995).

The total carbohydrate amount is calculated using equation 3.3 below.

100 - (% Moisture +% Crude protein +% Crude fat +% Crude fibre + %
Ash)............... equation 3.21.

3.13.7. Gross Energy

According to AOAC, (2000) the mean value of crude fat (F), total carbohydrate (CHO), and
crude protein (P) were multiplied by the Atwater's factors 9, 4, and 4 respectively, and the
sum of the products was used to calculate the total energy content of the injera samples as

described in the following equation..

E (kcal per 100 g) = [(9 x % crude fat) + (4 x % crude proteins) + (4 x %total
carbohydrates)](AOAC, 2000; Horwitz, 2000). Equation 3.22
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3.14. Analysis of Mineral Content

Atomic Absorption Spectrophotometer, the AOAC 984.27 (2005) method was used to
determine iron, zinc and calcium contents of flour and injera samples. All digested tubes,
extraction flask and materials used for mineral analysis was washed with soap and tap water.
The materials was then soaked with 10% nitric acid for twelve (12) hours. Finally the flasks
and tubes were rinsed with deionized water. Then the glassware’s were dried in hot air oven
drier for 90 minutes. After 90 minutes of drying the digester and flask was labelled as with
sample code and blank. About 2 grams of samples were weighed and transferred to sample
coded tubes. By using the tube of Italian-made Kjeldahl digester, model DK20 cleaned and
dried and 20 mL of concentrated HNOj3 (65%) and 10 mL of 70% HCIO,4 were used to digest
the sample. Acid added samples were left for 12 hours at room temperature that is resulted
brown color formed due to reaction of samples with HNOs. Then the samples were heated
with digester in 120°C for 30 minutes. Samples were heated again for 30 minutes to get
clear solution. The clear solution obtained from digestion was transferred to 100 mL
volumetric flask by diluting with deionized water and filtering with Whatman No 1 filter
paper. Samples were removed from filter paper with deionized water and volumetric flask
was filled up to the level. At the initial a calibration curve was prepared by plotting the
absorption or emission values against the standard solution in ppm with (0.04, 0.08, 0.16,
and 0.32, 0.64 ppm) to calculate the values of mineral content. Standards made from stock
standard solution were designed to contain the same level of acid as test solutions that had
been digested. The solution was sprayed into an Atomic Absorption Spectrophotometry (PG
Instruments Ltd, model AA500G, England) at 248.3 nm to get the final iron content of the
sample from triplicate observations. As a result, the reading is taken from the graph, which
illustrated the metal concentrations that correspond to the sample and blank absorption or
emission values. 2.5 mL of lanthanum chloride was added for each sample for calcium
reading. The concentrations of the samples were calculated from the absorbance values of
each samples using Beer Lambert Law plot using the formula 3.23 below as used by Cherie
etal., (2018).

Metal content (mg/100g) :["'A'i_j ﬂ‘} x100 ............. Equation 3.23

Where:-
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W = Weight of sample in (g)

V = Volume of extract (ml)

A = Concentration of sample solution (pg/ml)

B = Concentration of blank solution (pg/ml)
3.15. Determination of Total Phenolic Compounds and Anti-nutritional Analysis
3.15.1. Determination of Total Phenolic Compounds

The total phenolic content of the teff flour and injera samples were determined using the
Folin-Ciocalteu method according to Yisak et al., (2022). Five grams (5 g) of samples were
homogenized with 10 mL of 60% methanol containing 0.1% HCI, and placed in a water bath
for 2 hours at 85°C. After settling, the solution was transferred to a 100 mL volumetric flask,
with distilled water used to fill the remaining space. The extracts were filtered using a
Whatman No.1 filter paper at reduced pressure. An aliquot of 5 mL of extract was added to
15 mL distilled water, 5 mL of Folin-Ciocalteu reagent, 10 mL of saturated solution with
sodium carbonate, and filling the remaining volume with distilled water. After standing for
30 min at room temperature, the absorbance was measured at 750 nm using UV
spectrophotometer (Agilent, Model G6860A, Malaysia). All determinations were made in
triplicate and values were calculated from calibration curves obtained with a minimum of 5
gallic acid concentrations. The linear regression was obtained between 0 and 5 mg/mL,
therefore corresponding to absorbance values between 0.0 and 0.5 (R? = 0.9989). The total
phenolic contents of samples expressed as milligrams of gallic acid equivalents per 1009
(mg GAE/100g) was articulated by the following formula.

mg GAE, _ C1xV :

c (=)= i eeieie e BQUALTON 3.24
100g m

Where

C = total phenolic content in mg/g, in GAE (Gallic acid equivalent);

C1 = the concentration of gallic acid established from the calibration curve in mg/ml (y =

0.1395x + 0.0041; R? = 0.9989);

V = the volume of extract in ml; m = the weight of extract in gram
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3.15.2. Determination of Condensed Tannin

Dykes, (2019) 's (vanillin-HCI method) was used to determine condensed tannin in the teff
flour and injera product. Catechin solution (1000 ppm) was firstly prepared as standard
curve by using 0.24, 0.48, 0.72, 0.96 and 1.2 mL of the catechin solution that was diluted
with 1.0mL methanol placed in test tubes. Test tubes containing diluted catechin were
placed in water bath (30°C) and 5 mL solution was added to first tube and 20 min timer
started to count. The rest of the tubes were also filled with 5mL of vanillin solution in the 15
seconds time interval in the 20 minute of water bathing. By finishing 20 minute incubation
period each test tubes were measured their absorbance at 500nm in the spectrophotometer
model Cary 60 UV-Vis. Spectrophotometer was first calibrated with methanol blank. The
result was used to determine the slope of the line using catechin concentrations (0.24, 0.48,
0.72, 0.96 and 1.2 mg/mL) as the x-axis and the absorbance values as the y-axis on
Microsoft Excel 2010. R® and Slope of the Curve was determined by running a linear
regression. Three HCI-methanol solutions (1%, 8% and 4%) were prepared for sample
analysis. Based on the above standard 0.3 g of sample was weighed and transferred to
screw cap test tube for sample analysis. About 8 mL of 1% HCI-methanol solution was
added to each tube and mixed on the vortex mixer for 10 seconds, placed in water bath
(30°C) for 20 minutes. After 20 minutes incubation, test tubes were removed from water
bath and mixed using vortex mixer for 10 seconds as it is recovered from the water bath.
The samples were centrifuged at 4000 rpm for 10 minutes. The supernatant was decanted
carefully to avoid ground sample to be transferred into the supernatant. The aliquot (1 mL)
from the supernatant was taken to two different test tubes that were labelled as sample tube
and blank tube. Then these test tubes were placed into water bath (30°C) for 20 minutes.
While in the water bath of 20 minutes, 5mL of vanillin reagent was added to sample tube.
Vanillin reagent was prepared by mixing 8% HCI-methanol and vanillin solution that was
prepared with methanol. For the blank test tubes 5mL of 4% HCI-methanol was added in the
15 seconds intervals. Finally the absorbance of the samples were measured after 20 minutes
of water bath at 500 nm on spectrophotometer starting from blank and sample of each pair.
The spectrophotometer was zero with a methanol blank before sample measuring. For the
final determination of tannin concentration, the value of the “blank™ was subtracted from

that of the “sample” and calculated tannin concentration using the following equation:
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: ) . . V=AM )
Tannin concentration (mg catechin equivalent/g = w; ......................... equation 3.25

Where
V = Volume of extract in mL (8 mL).

A = Absorbance at 500 nm (absorbance of sample minus absorbance of blank).
m = slope of the standard curve from catechin equivalent.
Ws = Weight of sample (0.3 g)

3.15.3. Determination of Phytic acid

Phytic acid content was determined using a modified version of Hang and Lantzseh rapid
spectrophotometric method (Reichwald & Hatzack, 2008). Samples (0.1 g) were placed in
screw-capped test tubes, and 1 mL 1M HCI was added. After that, the samples were
incubated for 45 minutes in a briskly shaking water bath at 100 °C. The samples were
centrifuged for 5 minutes at 13,000 x g after cooling to room temperature. Aliquots of
supernatant (500 uL) was transferred to fresh tubes and diluted with 2 mL deionized water.
FeCl; (800 pL) was added to the diluted solution (400 pL) or standard, and the mixture was
incubated in a vigorously shaking water bath at 100°C for 45 minutes. After cooling in an
ice bath for 15 minutes to allow an iron-phytates precipitate to form, the samples were
centrifuged at 13000 x g for 10 minutes at 0°C. Supernatant aliquots (600 uL) were put to
cuvettes, and then 800 pL of the complexing reagent was added (consisting of 1 g 2, 2-
bipyridine, and 0.13 mL thioglycolic acids in 100 mL 0.2 M HCI). At 540 nm, the
absorbance was finally measured. All measures were conducted in triplicate and values are
calculated from calibration curves obtained with a minimum of 5 wade reagent

concentrations. The phytic acids were determined using the following equation.

B B A et equation 3.26

100g  mW1W2

Phytic acid

Where B = absorbance of blank, A = absorbance sample, | = intercept of standard curve,
m = slope of the standard curve (Y=-mx + b, R* — 0.994), and W1 = weight

of the sample in gram and W2= weight of sample in ml(the volume of extracted from the

sample (supernatant).
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3.16. Statistical Analysis

The data collected from objective measurements were analyzed using analysis of variance
(ANOVA) performed with procedures of the Minitab Statistical Software (MINITAB
version 21). Data were compared on the basis of mean * standard deviation (SD). Honestly
significant difference (Tukey's test) was used to separate the means when there were
significant differences among treatments at a 5% level of significance. All of the parameters’
fitted models were created by MINITAB during analysis and the descriptive categories were
transformed to numerical scores after each analysis was completed in triplicate. Sigma plot

version 12.5 and Origin Lab version 19.2b were used to create graphs.
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4. RESULTS AND DISCUSSION

4.1. Physical and Functional Properties of Teff Flour
4.1.1. Flour Particle Size

The particle size of teff flour, expressed as geometric mean particle size, is a key
determinant of its suitability and use in the production of high-quality injera. It has been
noted that both the chemical makeup and the surface characteristics of the flour particles
affect the qualities of injera (Barretto et al., 2022). Grain size reduction is a crucial unit
procedure for improving the surface area to volume ratio of the produced flours. Particle

size distribution of teff flour is displayed in the figure 4.1.

The flour fraction that was analyzed on 180um, 355um and 500um sieve size had
significantly varied (P<0.05) that comes from the principles of milling in the attrition mill to
obtain different particle size of teff flour. The percentage of 0.81% granules of teff flour
retained on the top of 500um sieve size. Most of the teff grain have the particle size range of
300-600um (Bultosa, 2007). According to Abebaw, (2020) the different variety of teff grain
retained on 710um sieve size was from 0.76-1.93%. The raw teff fractionated to flour on
milling below this particle size. About 42.54% of the teff flour particle size is mostly in the
range of 181-355um followed by 0-180um (30.68%) and 356-500 um (25.31%). The sieve
opening (710 um) used by the community is used as a control and 99.34% of flour was
obtained. The milling intensity, mill type, moisture content and variety of grain may yield
varied flour particle size (Bassi et al., 2021). Fine particle and control flour sizes are more
distributed uniformly whereas medium and coarse particles need the incorporation of fine
particle size to get its cohesiveness. Dried grain with greater mechanical milling force
resulted fine particle size of flour and moisten grain with lower milling intensity obtain

coarser flour particle size (Pang et al., 2021).
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Figure 4.1. Graphical Representation of Flour Particle Size Distribution
4.1.2. Teff Flour Color as Influenced by Particle Size

Table 4.1 presents the color coordinates for the various teff flour particle sizes. The mean
lightness medium and coarse particle size flour are not significantly different while fine
flour particle size was significantly different (p<0.05) with the other particle sizes including
the CF. Fine flour particle size (81.02) had significantly higher lightness followed by control
flour (78.76) whereas medium and coarse flour particle size had (77.25) and (75.08)
lightness respectively. The degree to which the bran of the teff grain broken and ground
could likely is linked to such a particle size color effect. The bran part of the grain present in
the coarse flour particle size decrease the lightness (L*) and increase the yellowness (a*)
which indicates the presence of carotenoid pigments in the bran part of grain (Ahmed et al.,
2019). The L* value of flour particle size considerably increased as the particle size of teff

flour decreased. This might be due to the smaller particles have finer pores and better
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homogeneity, which limit their capacity to absorb light and increase their capacity to reflect
it, boosting the fine flour particle size whiteness. Comparable results were reported by
Abebe, Collar, et al., (2015) and Assefa et al., (2018) who demonstrated the L* value of
flour obtained from different teff variety and milling type in the range of 67.4 to 87.7. The
redness or greenness (a*) and yellowness or blueness (b*) value of the flour of different
particle size are 1.19, 12.03 and 1.42,10.87 for fine flour and control flour respectively while
1.51, 12.56 and 1.79,12.96 for medium and coarse flour particle size respectively. The
results are slightly different from the work of Barretto et al., (2021) in case of color values

of ivory teff flour milled using different milling methods.

The hue angle and chroma of the fine and control flour are not significantly different while
the hue angle and chroma of the medium and coarse flour are significantly different
(p<0.05). The findings were somewhat consistent with work by Abebe, Collar, et al., (2015)
for two different teff variety mill types (h* 82.6, C* 15.4, and (h* 82.5, C* 15.0). Fine and
control flour has more shine, while medium and coarse flour has less whiteness than fine
and control. Differences in flour colour induced by particle size were barely apparent to the

human eye.

Table 4.1. Color and water activity of Teff flour

ay at

Flours L* a* b* h* C*
24+0.20°C

FFPs  81.02+0.76° 1.19+0.08° 12.03+0.48™ 84.34+0.56* 12.09+0.47% 0.45+0.01°
MFPs  77.25%1.08 1.51+0.11° 12.56+0.65° 82.56%0.28" 12.64+0.64* 0.44+0.01°
HFPs  75.08+0.97° 1.79+0.04 12.96+0.38° 82.13%0.16° 13.08+0.38" 0.41+0.02°
CF 78.76+0.26°  1.42+0.08" 10.87+0.25° 83.14+0.73® 10.96+0.26" 0.45+0.01°

P-value 0.000 0.000 0.003 0.003 0.002 0.008

FFPs, MFPs, HFPs, CF stands for fine, medium, higher or coarse flour particle size and control flour
respectively. Data are expressed as the mean + standard deviations; means that do not share a letter
in the same column are significantly different (P< 0.05). L*, a*, and b* are CIE coordinates, h = hue,

and C* = chroma
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4.1.3. Flour Water Activity

The results stated in Table 4.1 showed that, water activity (aw) of fine flour (0.45) and
control (0.45) are not significantly different. Medium flour particle size had lower water
activity (0.44) than fine particle size and control flour whereas higher than coarse flour. The
coarse flour particle size had the lowest water activity value (0.41) among all flour particle
sizes. The difference is due to the protein and carbohydrate rich of fine and control flour
over medium and coarse flour (Carter et al., 2015). Fine flour particle size was cohesive to
have higher water activity over coarse flour. Hydration of macromolecules occurs when
hydrophilic compounds, such as carbohydrates, interact and dissolve in water by creating
hydrogen bonds with the water molecules (Landillon et al., 2008). When the particle size of
teff flour is reduced, the surface area increases, allowing it to absorb more water. Fine flour
are more protein rich than coarse flour, it was reported that water molecules may interact
with hydrophilic regions of protein structure (Syamaladevi et al., 2016). Microbial growth
can be difficult to control in foods and food materials with water activity greater than 0.6.
The water activity of all treatment flour was less than 0.6, which is less susceptible for
microbiological and biochemical deteriorations during storage.

4.1.4. Bulk Density of Flour

The bulk densities of different particle size of flour are significantly different as shown in
table 4.2. Bulk density is clearly affected by particle size and moisture content (Saha et al.,
2022). 1t is very important in determining the packaging requirement and material handling.
Flour particle size of 500um (0.77g/mL) had significantly (p<0.05) different from flour
particle size of 180um (0.68g/mL) and control (0.71g/mL). Medium (355um) flour particle
size had mean bulk density of 0.75g/mL which is significantly different from fine and
control flour and not significant from coarse flour. The observations are closely agree with
the reports of Y. Assefa et al., (2018) on disk mill (0.63g/ml), hammer mill (0.73g/ml) and
blade mill (0.77 g/ml) flour. The difference comes from the loosely packed structure in fine
flour particles to have lower bulk density and the denser accumulated granules found in the
samples with coarser flour particle size with higher bulk density. More cohesive powders
exhibit stronger gravitational attractive forces. This encourages particles to cluster in open

areas and produces more gaps in the powder during pouring, which increases volume (H. W.
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Woldemariam et al., 2021). Reduced particle size obtained lower bulk density. Tapping adds
additional force to overcome these cohesive tendencies and causes particles to fall into void
areas, reducing the volume of powder.

Table 4.2. Bulk Density and Functional properties of Teff flour Samples

Flours  Bulk density WAC WSI (%)  WAI (g9/g) OAC(ml/g) SP
(g/mL) (mi/g) (9/9)
FFPs  0.68+0.01°  1.25+0.04° 5.34+0.42° 541+0.31° 2.59+0.06° 9.48+0.44°
MFPs  0.75+0.01*  1.14+0.01"° 4.15+0.08" 5.11+0.62° 2.08+0.06" 6.58+0.20"
HFPs  0.774#0.01*  1.08+0.02° 3.90+0.56° 4.59+0.22° 1.77+0.09° 5.96+0.13"
CF 0.71+0.01°  1.16+0.01° 5.17+1.29° 5.24+0.08" 2.43+0.09" 8.95+0.26
P-value 0.000 0.002 0.000 0.001 0.004 0.000

WAC= water absorption capacity, WSI= water solubility index, WAI= water absorption index,
OAC=oil absorption capacity, SP=swelling power. Data are expressed as mean = standard
deviations; means that do not share letter on superscripts in the same column indicate statistically
significant (P < 0.05). FFPs, MFPs, HFPs and CF are fine, medium, coarse flour particle size and

control flour respectively
4.2. Functional Properties of Flour

Functional properties are basic characteristics that takes into account the intricate

interactions between the composition, structure, molecular conformation, and
physicochemical characteristics of food components as well as the environmental factors in
which these are related to and measured. The structural quality, nutritional value, and
acceptability of injera are all characterized by functional properties of flour (Dasa & Binh,
2019). The functional properties of different particle size of teff flour used in this study for
injera formulation are showed in table 4.2. Water absorption is the amount of water needed
to hydrate flour components to produce dough with optimum consistency (Sapirstein et al.,
2018). The mean water absorption capacities of varied particle size of teff flour are
1.25ml/g, 1.14ml/g, 1.08ml/g and 1.16ml/g for fine, medium, coarse and control flour
respectively. When the particle size of teff flour is reduced, the surface area increases,
allowing it to absorb more water that exposed hydrophilic groups of fine powder interact

with water. The protein content in the fine particle size is higher than other flour fractions.
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The higher protein content of the fine flour might be increased hydrogen bonding thus
facilitating water binding and entrapment. The oil absorption capacity of different particle
size of teff flour was significantly different (p<0.05) as fine flour absorbs more oil than
coarse flour. Accordingly the mean oil absorption capacities of fine, medium, coarse and
control flour are 2.59ml/g, 2.08ml/g, 1.77ml/g, and 2.43ml/g respectively. Fine particle size
and control flour had higher WAC and OAC than coarse and medium particle sizes due to
the greater surface area and damaged starch to bind with water and oil molecules. On the
other hand coarse flour particle size had lower oil absorption capacity. The difference might
be due to the limited amount of non-polar protein side chains that would bind the side chains
of hydrocarbons of the oil (Chandra et al., 2015). The water absorption capacity of teff flour
samples recorded in this work is greater than teff flour milled with different mill type (0.87
to 0.97ml/g) as indicated by Y. Assefa et al., (2018) and slightly agree with the results (0.89-
1.06ml/g) reported by Abebe, Collar, et al., (2015) for variety and particle distribution of teff
flour. The oil absorption capacity of the current result was in agreement with the observation
of Y. Assefa et al., (2018) who reported the OAC from 2.30 to 2.5 ml/g. However, it was
higher than the results (1.08-1.42ml/g) reported by Tsegaye, (2020).

Water absorption capacity (WAC) is crucial for uniformity and bulking of goods for use in
baking(Abebe, Collar, et al., 2015). Flours having a high capacity to absorb oil may be
advantageous in food items for preserving flavor, enhancing palatability, and extending shelf
life of baked foods (Awuchi et al., 2019). High OAC makes the flour suitable in facilitating
enhancement in mouthfeel when used in food preparations. Oil absorption capacity and
Water absorption capacity are constraints that influence the consistency, texture, and
mouthfeel of food products. Therefore fine flour particle size and control flour could have
quality products than medium and coarse flour as they absorb more oil and water than that

of medium and coarse flour.

The volume occupied by the gelatinized material is measured by the water absorption index
(WAI) (Yousf et al., 2017) after swelling in much water, additional components such as
carbohydrates and denatured protein preserving the consistency of the starch in the aqueous
dispersion. The WAI and WSI of the fine flour was 5.41 and 5.34 respectively which are
significantly different from medium and coarse flour samples which had 5.11, 4.15 and 4.59,
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3.90 respectively. WAI and WSI of control flour were significantly different from both
medium and coarse flour. The amount of polysaccharides that are released from the granule
when too much water is added is determined by the water solubility index. Swelling power
of fine flour particle size and control flour was statistically different from medium and
coarse flour particle size. The differences are due to the fine granules amylolytically
hydrolyzable and quickly hydrate. Increase in the value of WSI, WAI and SP results the
dough is sticker and granules get better solubility during injera dough kneading for the good
texture of injera (Y. Assefa et al., 2018). Therefore fine and control flour had high value of
WSI, WAI and SP tended to get injera prepared from fine and control flour is soft, fluffy and

easily rollable.

4.3. Pasting properties of Flour Samples

Pasting properties of starches of different particle size of teff flour samples are presented in
table 4.3 and their pasting curves are displayed by figure 4.2. The pasting characteristics of
flours were significantly (p<0.05) influenced by flour particle size. The mean values of peak
viscosity of fine, medium, coarse flour particle size and control flour were 1056, 1030, 968
and 1067 respectively. The PV of fine particle size and control flour was higher as compared
to medium and coarse flour particle size. The mean PV value of coarse flour is significantly
different (p < 0.05) from fine and control. The variation of peak viscosity often associated
with the swelling power of starch and the rate of disruption of the starch granules(Y. Assefa
et al., 2018). Fine particle sizes of flour have more disrupted granules as compared to
medium and coarse flour particle size (Abebe, Collar, et al., 2015). The results of the current
finding was lower than the values reported by Y. Assefa et al., (2018) and Abebe, Collar, et
al., (2015) from1544-1768mpas and 1304-1676mpas, respectively. The differences may be
due to particle size of the flour. They also observed that teff flours with higher WSI and
WAL have higher PV and BDV, which agreed with the current findings. The peak viscosity
indicates the strength of pastes, which are formed during the gelatinization process in
functional foods. It also reflects the extent of granule swelling and implies the viscous pile
that is likely to be encountered during mixing (Liang & King, 2003). The swelling index
increases with increasing peak viscosity, whereas low paste viscosity indicates increased

solubility as a result of starch degradation or dextrinization (Mohammed et al., 2009). The
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fine and control flour particle size of the current study shows that the PV values are higher

over medium and coarser that had increased swelling index.

The trough viscosity (TV) value of teff flour was significantly (P< 0.05) affected by flour
particle size. The TV value of control flour was higher than the treatment samples. The flour
particle sizes of fine, medium and coarse were not significantly different. The control flour
had higher TV value than all flours with the value of 696.5 and the fine, medium and higher
flour particle size had 549.5,572 and 636, respectively. The aggregate flour particle size had
negatively correlated with the lower TV value that control flour is the aggregate of all flour

particle size.

Coarse flour was significantly different from control flour which had lower BDV value of
271.5 which was lower than the other treatment flours. The Lower BDV value of coarse
flour particle size implies the higher thermo-stability and lower shear thinning and
disintegration of swollen systems (Abebe et al., 2015).

All treatment flour did not score significantly (p>0.05) different FVV and SBV among them.
This result indicates all flour particle size similarly recovering of viscosity in them during
cooling period and the presence of closely similar amylose retrogradation. All flour particle
size had related ability to form a viscous paste which is determined by the retro-gradation of
soluble amylose in the process of cooling. SBV forecasts the degree of gels and the
progressive retrogradation tendencies of the teff flour starch pasted system during cooling
and storage. Pasting temperature indicates the minimum temperature required to cook starch.
The PT of the teff flour was significantly influenced by particle size and it varied in the
order of FFPs (76.27°C) < CF (77.81°C) < MFPs (81.90 °C) < HFPs (84.04 °C). Larger teff
flour granules have a higher pasting temperature and lower swelling property. A higher
pasting temperature also indicates that the flour has a higher structural rigidity (Aprianita et
al., 2009). Coarse flour particle size has a higher structural rigidity followed by medium
flour particle size. Y. Assefa et al., (2018) suggested flour with higher water solubility index
tend to have lower pasting temperature (p<0.05) and this is in agreement with the current
finding. The peak time of pasting properties was dependent on flour particle size that ranges
from 5.11 min to 5.66min. The coarse flour particle size had higher peak time whereas fine
flour particle size had lower peak time of pasting time.
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Table 4.3. Pasting properties of teff flour as influenced by particle size.

Flour Pasting Property (RVA) Parameters

SaMPIe py(p)  TV(eP)  BDV(P) FV(cP)  SBV(CP) PT(C)  Pt(min)

FFPs 1056438  549.5:74° 436+42°°  1278.5+39% 852.5+31% 76.27+0.38° 5.11+0.18°
MFPs  1030+17% 572+39% 457.5+23" 13455+202° 8425+39% 81.90+2.80® 5.43+0.10%
HFPs  968+20° 636+10% 271.5+170° 1344+7° 711.5+118% 84.04+2.41* 5.66+0.07°
CF 1067+40° 696.5£73" 517.5+34% 1493+47%  796+128% 77.81+1.23" 5.36+0.04"
P-value 0.017 0.044 0.048 0.163 0.082 0.004 0.002

Values are mean + standard deviation. Means that do not share a letter within the same column are
significantly different at P<0.05. Where: - PV= Peak viscosity, TV= Trough viscosity, BDV=
Breakdown viscosity, FV= Final viscosity, SBV= Setback viscosity, PT= Pasting temperature and
Pt= Pasting time (peak time of pasting). FFPs, MFPs, HFPs, CF stands for fine, medium, higher or
coarse flour particle size and control flour, respectively.
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Figure 4.2. Pasting Curves of Flour Samples

55



4.4. Rheological Properties

The visco-elastic properties of varied teff flour particle size dough are presented in the table
4.4. The values of elastic (storage) modulus G' and viscous (Loss) modulus G" at a
frequency of 1Hz was significantly different (P< 0.05). The elastic (3464.02) and viscous
moduli (1654.83) were higher in coarse flour particle size followed by medium flour particle
size (1656.59) and 499.38 respectively. Higher elastic moduli, G', dough may not be suited
for injera production because the carbon dioxide in the batter must easily escape, aiding the
creation of the requisite evenly spaced injera eyes (Y. Assefa et al., 2018). Despite the wide
range of values, storage and loss modulus follow a similar curve to the power curve after the
elastic network is built up, probably due to protein interactions (Niveditha, 2019). The
viscoelastic moduli of dough formed with coarse flour particle size were much larger than

those observed with medium flour particle size, fine flour particle size, and control flour.

The viscous modulus (G") of the dough obtained from all flour samples were closer to the
elastic modulus (G'), as measured by the loss tangent (G"/G") that was not significantly
different. The Tan ¢ (G"/G") value of control flour dough was 0.54 and the values of coarse,
medium, and fine flour particle sizes 0.49, 0.32, and 0.28, respectively. The values
indicating that the dough had elastic-like behaviour. It was used to estimate the loss factor of
batter which had elastic behavior. The better shape retention provided by the major elastic
function during handling and cooking suggests that the matrix structure is not weak and
easily deformable (H. W. Woldemariam et al., 2021). All flour samples had G'> G" resulting
in (tan 8) <1, showing that the gels produced from all flour samples behaved firmly (Abebe
& Ronda, 2014).
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Table 4.4. Effect of flour particle size on viscoelastic properties of dough at Angular
Frequency of 36 rad/s.

Flour G' (elastic or G" (viscous Tan 6 Shear Shear
Particle storage or loss (G"IG") Stress(Pa) Strain(Pa)
Size module) (Pa)  modulus)(Pa)

FFPs  1540.86+143.3° 423.7+172.9° 0.28+0.14*  262.67+2.94° 331.02+23.03"
MFPs  1656.59+277°  499.38+243°  0.32+0.20*°  270.34+1.91° 877.95+466.77°
HFPs  3464.02+1861%° 1654.83+814° 0.49+0.03"  258.31+9.87%  443.77+111.27°
CF 400.23+383"  246.84+240"  0.54+0.13°  222.68+44.09* 997.94+244.83°
P-value 0.028 0.018 0.148 0.123 0.043

Means that do not share a letter on superscript in the same column are significantly different. Where
FFPs= fine flour particle size (0-180um), MFPs= medium flour particle size (181-355um),
HFPs=higher flour particle size (356-500um) and CF= control flour

4.5. Proximate Composition of Teff Flour

Three teff fractions (500um, 355um and 180um) and control flour used as raw material for
injera preparations were assayed for proximate composition. The results are presented in
Table 4.5. The proximate composition of flour was significantly (p< 0.05) affected by flour

particle size.
4.5.1. Flour Moisture Content

The moisture content of fine flour particle size and control flour is 9.04+0.0.07% and
9.05+0.0.04% respectively was not significantly different. Medium particle size 8.98+0.06%
and coarse particle size 8.79+0.06% has lower moisture content than that of fine and control
flour. The results are close agreement with the values reported by Abebe, Collar, et al.,
(2015)10.3 £ 0.1 and Y. Assefa et al., (2018) 10.9+1.2% for the fine and control flour.
Compared to fine particle size and control flour; medium and coarse particle size flour have
significantly lower moisture contents. The reason of the difference is that the germ and
endosperm of grain hold more moisture than that of bran. This implies fine flour particle
size is mostly obtained from the germ and endosperm while higher particle size is highly
contains brans that do not have more moisture either dried or cannot hold more moisture

initially.
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4.5.2. Crude Protein Content of Flour

The protein content of three flour particle size and control flour was significantly (p<0.05)
different (table 4.4). Control flour had higher protein content (11.27%) than that of fine
(10.07%), medium (9.90%) and coarse (9.12%). These results were in line with the findings
of Bultosa (2007) and Assefa et al., (2018), who reported the protein content from 9.30 to
11.07% and 11%, respectively. A proteins fraction in teff flour was mostly distributed in the
endosperm part of the grain that was obtained more in the fine flour over coarser one. The
differences in protein composition among teff flours of different particle size may be

ascribed to the portion of grain to be milled to different flour particle size.
4.5.3. Crude Fat Content of Flour

The fat content of teff flour of different particle size ranged from 2.54% to 3.00%. The fat
content of fine particle size (3.00%) is the highest value than control (2.70%), medium
(2.58%) and coarse flour particle size (2.54%). This result was in line with the observation
of Baye (2014), who reported the flour fat content of 2.5%. The differences in fat content
among teff flours of different particle size may be ascribed to the portion of grain to be
milled to different flour particle size as protein. The fine flour particle size had a larger fat
content than coarse flour. This might be due to the high degree of grain germ introduction in
the fine flour. Increasing fat content for the quinoa flour was reported earlier when the

particle size was reduced (Ahmed et al., 2019).
4.5.4. Crude Fiber Content of Flour

The crude fiber content of flour particle size ranges from 2.42% to 3.81% d.m. The coarse
flour particle size was found to be with the highest fiber content 3.81% followed by
medium, control flour and fine particle size (3.71%), 3.52% and 2.42%), respectively. More
bran fractions in Coarse flour particle size resulted higher fiber content (Bassi et al., 2021).

45.5. Crude Ash Content of Flour

The ash content was significantly (p<0.05) affected by the flour particle size. The total ash
content of FFPs, MFPS, HFPs and CF are 2.02%, 2.45%, 2.61% and 2.44% respectively.
The ash content of food products is a measure of the total amount of minerals in the foods

produced (Ibeabuchi et al., 2017). The amount of ash content is relatively higher in coarse
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flour particle size (2.61%) as compared to the medium (2.45%), control (2.44%) and fine
flour particle size (2.02%). The total ash content value of these flour particle sizes had been
found in accordance with the reported values (2.54-2.63%) as determined previously for teff
(Abebe, 2015; Bultosa, 2007). The differences in ash content among different particle size
of flour may be due to the incorporation of more bran into the coarse and medium flour

particle size (Ibeabuchi et al., 2017).
4.5.6. Carbohydrate Content of Flour

One of the most vital ingredients in many diets is carbohydrate. It can exist as alone
molecules, in physical association with other molecules, or chemically bonded to other
molecules (BeMiller, 2010). The flour particle size had a significant (p<0.05) effect on the
carbohydrate content of flour and the values varied from 71% to 74%. The carbohydrate
content was highest in coarse flour particle size (74.11%) followed by fine (73.30%), and
medium flour particle size (72.82%), lowest in control flour (71.69%). A similar result was

reported by Agza et al., (2018), who observed the carbohydrate content 71.43%.

Table 4.5. Proximate composition of teff flour as influenced by particle size.

Flour Moisture Crude Crude fat Total ash  Crude fiber Carbohydrate
Sample (% db) protein (db %) (db %) (db %) (db%)
(db%)

FFPs  9.04+0.07* 10.07+0.05° 3.00+0.04% 2.02+0.01° 2.42+0.01° 73.30+0.06"
MFPs 8.98+0.06% 9.90+0.07° 2.58+0.06° 2.45+0.02° 3.71+0.02® 72.82+0.26°
HFPs 8.79+0.06° 9.12+0.01¢ 2.54+0.15° 2.61+0.01* 3.81+0.07° 74.11+0.15%
CF  9.05+0.04% 11.27+0.07% 2.70+0.09° 2.44+0.01° 3.52+0.06° 71.69+0.09¢
P-value 0.002 0.000 0.001 0.000 0.000 0.000

Means that do not share a letter on superscript in the same column are significantly different. Where
FFPs= fine flour particle size (0-180pum), MFPs= medium flour particle size (181-355um),
HFPs=coarse flour particle size (356-500um) and CF = control flour.
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4.6. Mineral Contents of Flour Samples (Ca, Fe and Zn)

The iron, calcium, and zinc content of the flour samples of fine, medium, coarse and control
is shown in figure 4.3. The effect of flour particle size on the mineral contents of flours were
investigated as there was no significant difference in iron and zinc content of control flour,
medium and coarse flour particle size (13.95 mg/100g and 1.65 mg/100g, 14.80mg/100g and
1.82 mg/100g, 14.62 mg/100g and 1.93 mg/100g), respectively. Fine flour particle size had
lower iron (11.57 mg/100g) and zinc (1.32 mg/100g) content as compared to other particle
sizes. The highest average calcium content (144.47mg/100g) was recorded for coarse flour
particle size followed by control flour (141.98 mg/100g). Fine and medium flour particle
was recorded with lower values of (125.83 mg/100g and 133.33 mg/100g) respectively.
According to Atwell & Finnie, (2016), the higher bran content in coarse flour increase the
mineral contents while the higher content of endosperm and germ content of fine flour lower
the mineral contents. Calcium, which is present in teff in very high concentrations, was
reported 142(g/100 g), iron 11(g/100 g), Zinc 2.2(g/100 g) for Tseday variety by Shumoy et
al., (2017).
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Figure 4.3. Mineral contents of flour as influenced by particle size.
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4.7. Total Phenolic Compounds and Anti-nutritional Contents of Flour Samples
4.7.1. Total Phenolic Compounds of Flour

The total phenol content of fine, medium, higher/coarse flour particle size and control flours
were 88.00mg GAE/100g, 91.04mg GAE/100g, 98.63 mg GAE/100g and 96.67 mg
GAE/100g, respectively as presented in table 4.6. Total phenol and anti-nutritional factors
are compounds found in greater concentrations in the grain's outer layers (Yisak et al.,
2022). The total phenolic content was statistically significant (p<0.05) within the flour
particle size. The highest and the lowest TPC were observed in coarse and fine flour particle
sizes, respectively. The difference might be due to the level of inclusion of outer layer part
of the grain into the flour. Coarse flour particle size largely came from the outer layer of the

grain whereas the fine flour particle size came from the interior part of the grain.
4.7.2. Condensed Tannin of Flour

The condensed tannin content of fine, medium, higher/coarse flour particle size and control
flours were 9.30 mg catechin equiv. /100g, 10.58 mg catechin equiv./100g, 12.98 mg
catechin equiv./100g and 11.19 mg catechin equiv./100g, respectively. The higher
condensed tannin content was observed in coarse flour particle size and the lower condensed
content was observed in fine flour particle size. This might be due to the high concentration
of condensed tannin in the testa cell walls and pericarp region of the teff grain, which

resulted in a distinct proportion of fine and coarse flour (Xiong et al., 2019).
4.7.3. Phytic Acid Content of Flour

Flour particle size had significant (P<0.05) effect on phytate content of flours as shown on
table 4.6. The coarse flour particle size had the highest phytate content 447.41mg/100g
followed by control (412.08 mg/100g), medium (391.01 mg/100g) and (249.03 mg/100g).
Reducing flour particle size from 500um to 180um reduces the phytate content with
39.68%. In teff grain, phytic acid is largely distributed in external layers of pericarp and
aleurone layer. Larger particle sizes of bran are obtained from outer bran layers and hence
contain higher phytic acid content compared to the smaller particle sizes (Majzoobi et al.,
2014). The result was in agreement with the teff flour phytate contents (437.65 mg/100g)
reported by Anberbir et al., (2023).
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Table 4.6. Total phenolic compounds and anti-nutritional contents of flours.

Flour Total Phenol Condensed Tannin Phytates (mg/100g)
Samples (mg GAE/100g) (Catechin Equiv.mg/1009)

FFPs 88.00+4.15" 9.30+1.04° 249.03+12.91°
MFPs 91.04+3.06° 10.58+1.42" 391.0146.29°
HFPs 98.63+5.47° 12.98+3.36° 447 .41+5.87°

CF 96.67+2.65" 11.19+2.55" 412.08+3.07°
P-value 0.000 0.001 0.000

Means that do not share a letter on superscript in the same column are significantly (p<0.05)
different. Where FFPs= fine flour particle size, MFPs= medium flour particle size, HFPs=higher

flour particle size and CF= control flour

4.8. Effect of Flour Particle Size and Dough Kneading Time on pH, Titratable Acidity
and Viscosity of Batter

The pH and titratable acidity of a food product indicate its sourness. The sour taste of injera
IS a unique sensory characteristic. The interaction of flour particle size and dough kneading
time had significant (p<0.05) effect on the pH, TA and batter viscosity as shown in the
figure 4.4. The pH value of injera batter was ranged from 3.75 to 4.33. The highest pH
value (4.33) was recorded from coarse flour particle size with 12 minute dough kneading
time, while the lowest pH value was observed from control flour batter with 4 minute dough
kneading time (3.75). Earlier research on different brands of injera revealed that the pH of
the injera samples ranged between 3.50 and 4.5 (Attuquayefio, 2015). Batter from fine flour
particle size and control flour had lower pH value than medium and coarse flour particle
size. The difference might be due to the difference of fermentable starch content in the flour.
Lactic acid production during fermentation was dependent on sugar amount in the raw

material (Attuguayefio, 2015).

Decrease with lower rate in pH was observed due to change in kneading time. As the
kneading time increase from 4 minute to 12 minute, the pH of control flour batter decrease
from 3.98 to 3.75. The pH of fine flour particle size batter decreased from 3.95 to 3.87 with

kneading time increased from 4 minute to 12 minute. The pH value of medium and coarse
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flour particle size batter also decreased from 4.10 to 3.93 and 4.33 to 4.02 respectively as
kneading time increased from 4 minute to 12 minute. The differences could be due to a
difference in kneading time, which could impact fermentation kinetics (Assefa et al,.2018).
Kneading increased the fermentation and maximizes the acidity of batter (Tsatsaragkou et
al., 2023).

The TA of batter samples scored from 1.27 to 1.63 as the result of flour particle size and
dough kneading time interaction effect (figure 4.4a). The highest TA value (1.63) was
observed from the fine and medium flour particle size batter sample kneaded at 12 minute
while the lowest TA value (1.27) was obtained from the coarse flour particle size batter
sample kneaded at 4 minute. The titratable acidity of the batter increased significantly
(p<0.05) as the kneading time increased. This increase in TA could be attributed to the rapid
decrease in pH as kneading time increased (Desiye et al., 2017).
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Figure 4.4. Batter viscosity and change in pH and TA due to flour particle size and dough

kneading time.

Where: P1, P2 and P3 are fine, medium and coarse flour particle size and CF is control flour
with K1, K2 and K3 are dough kneading time 4, 8 and 12 minutes.

A measurement of batter viscosity of the samples was made at each baking time. Figure 4.4

shows what appears to be a viscosity of batter at 60 hours first phase fermentation and 6

hours second phase of fermentation with varied kneading time of dough. The batter viscosity
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was significantly (p<0.05) different as a result of flour particle size and dough kneading time
interaction effect. The batter sample obtained from fine flour particle size at 4 minute dough
kneading time had highest (19.68cP) viscosity while the batter sample obtained from coarse
flour particle size with 12 minute dough kneading time had lowest (10.18cP) viscosity. Both
flour particle size and dough kneading time had significant effect on batter viscosity.
Viscosity of batter increased with decreased flour particle size and decreased with dough
kneading time. The difference was due to the higher gas evolution (increase in air bubbles)
observed during long kneading time. Fine flour absorbs more water than coarse flour that
helps to make thick batter in lower particle size of flour than coarser one. As a result the

viscosity of finer flour was recorded higher than the viscosity of coarser (Sun et al., 2022).

4.9. Instrumental Texture Profile of Injera as Affected by Flour Particle Size and

Dough Kneading Time

Acceptable injera is soft, fluffy, and rollable without cracking which should able to keep
these textural qualities up to three days of storage (Yasin, 2021). The mean of compression
force required for the teff injera cutting through the two primary parameters; flour particle
size and dough kneading time, as shown in Table 4.7, The means of compression force
required for cutting injera due to flour particle size was 17.48 and 17.20 for coarse and
medium particle size respectively on the 1% day storage. The compression force required to
cut injera due to dough kneading time was decreased with kneading time thus 17.21, 15.97,
13.82 for 4, 8 and 12 minute kneading time, respectively. On the second day the
compression force required to cut injera was in the range of 12.02 to 16.17. There is no
significant different due to kneading time in the 2" day storage while on the 3" day storage
the compression force required to cut injera was declined from 15.25 to 11.42 from coarse
flour particle size to control flour injera. There is also significant (p<0.05) difference for
dough kneading time as the values scored was 14.96,12.76 and 12.40 for 4, 8 and 12 minute
kneading time, respectively. Texture profile analysis deals with the evaluation of mechanical
properties by subjecting a material to controlled force and generating the deformation curve

of its response.
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Table 4.7. Instrumental measurement of injera texture due to variation of the main effect.

Elour . Texture of 1st Day Texture of 2nd Day  Texture of 3rd Day
Particle size Storage in F/N Storage in F/N Storage in F/N
FFPs 14.82+1.34° 12.71+0.71° 11.61+1.03°
MFPs 17.20+1.29° 15.66+1.82° 15.20+1.27°
HFPs 17.48+1.08° 16.17+1.28° 15.25+1.79°
CF 13.17+0.69" 12.02+0.64 11.42+0.96"
P-Value 0.000 0.000 0.000
Dough Kneading time
4 min 17.21+1.15° 15.00+3.05° 14.96+1.00°
8 min 15.97+1.66° 13.74+1.35° 12.76+1.34°
12 min 13.82+0.42" 13.68+0.97° 12.40+0.53"
P-value 0.000 0.051 0.001

Means that do not share a letter on superscript in the same column are significantly different. Where,
FFPs= fine flour particle size (180um), MFPs=medium flour particle size (355um), HFPs=higher

flour particle size (500um) and CF= control flour

The interaction of flour particle size and dough kneading time had a significant (p<0.05)
effect on the firmness and compression force to cut injera samples. The highest cutting force
value (19.92N, 18.51N, and 16.44N) was obtained for injera made from coarse flour particle
size kneaded at 4 minute while the lowest value (11.33N, 11.12N, and 10.04N) was recorded
for injera prepared from control flour kneaded at 12 minute kneading time on the 1%, 2" and
3" days of storage. The prepared injera from coarse flour particle size with all dough

kneading time was more firm due to the larger flour particle size.

The instrumental texture analysis indicates that injera prepared from fine particle size and
control flour requires lower compression force to cut. This conclude that soft injera require
less force to cut. The higher firmness of food was considered to be caused by starch
retrogradation and moisture dispersion (C. Lee et al., 2008). The compression force to cut
injera made from all types of flour particle size with all kneading time decreases with
storage day increase as indicated on the figure 4.5. This might be due to the staling of injera
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which cause to lose its elasticity (Yetneberk et al., 2004). Since stale injera is significantly
harder and firmer than fresh injera, it is easily broken and requires less force to cut than

fresh injera (Yaregal et al., 2022).
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Figure 4.5. Texture profile of injera samples on the day 1, 2 and 3 storage.
4.10. Effect of Flour Particle Size and Dough Kneading Time on Color of Injera

Color is a significant factor in characterizing baked goods. Color is expressed as three values
by the CIE-L*ab (Commission Internationale d"Eclairage), L* for lightness, a* for redness,
and b* for yellowness (Carbas et al., 2016). A lower L* value indicates a darker, a positive
a* value indicates redness, and a positive b* value indicates yellowness. Color qualities of
injera reveal the first impression prior to eating whether to like or dislike the product. When
injera is processed, a non-enzymatic reaction determines the colour combination based on
the protein and carbohydrate composition of the flour. Due to caramelization during baking,

flour with higher protein and carbohydrate content exhibited a darker colour (low L*). The
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product's eye distribution can be determined by the difference in colour between the injera’s
surface and hole (Cherie et al., 2018).

The color characteristics (L*, a* and b*) of injera samples at time of baking and 1% day
storage were presented in Table 4.8 and 4.9 and showed a significant (p<0.05) effect on both
front and back surfaces. The color of the front and back of the injera samples on the storage
day and for the first day after storage was significantly affected (p< 0.05) by the interaction
of the flour particle size and dough kneading time. The lowest L* value was recorded on
injera samples formulated from control flour with 12 minute kneading time for front surface
at time of baking. The highest L* value was obtained on injera samples made from fine flour
particle size kneaded for 12 minute and the front surface of injera at the time of baking.
However the L*, a* and b* values of injera samples from front surface on the day of baking
was varied from 42.20 to 49.54, 2.65 to 4.06 and 14.45 to 17.87, respectively. The hue angle
and chroma of the injera samples on the day of baking was ranged from 77.20 to 79.56 and
14.70 to 18.33 respectively.

The L* value of injera samples was increased on the back surface as a*, b*, h* and c*
values are varied differently. The L* values ranged from 52.20 to 55.61 at the time of baking
and the a*, b*, h* and c* values are in the range of 2.52 to 3.76, 14.66 t017.30, 78.37 to
80.47 and 15.00 to 17.64, respectively. Changes in colour reveal the extent of browning
processes during the injera baking process such as caramelization, the Maillard reaction, the
level of heating, and pigment degradation (Pathare et al., 2013).

The highest mean of (L*) values from front surface was observed on injera samples made
from coarse flour particle size kneaded for 12 minute (48.81). The lowest (L*) values from
front surface was observed on injera samples prepared from medium flour particle size
kneaded for 8 minute (39.74). The values of a*, b*, h* and c* are in the ranges of 1.36 to
2.84,7.97 to 13.16, 74.33 to 80.31 and 8.09 to 13.46, respectively. The L*, h* and b* values
of injera were higher at the back surface while a* values are lower than the values of front

surface as of day one storage.
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Table 4.8. Interaction effect of main factors on the color of the injera on the day of baking.

Factors Face L* a* b* h* c*
FPs DKt
amin oMt 48.02+0.05° 3.28+0.04%®  15.82+0.08°" 78.28+0.10° 16.16+0.08%
Back  53.90+0.14° 3.36+0.06°  16.34+0.09° 78.37+0.15°  16.68+0.09°
FFPs amin Front 45.97+0.13° 2.66+0.04"  14.45+0.06" 79.56+0.13%  14.70+0.07°
Back  54.82+0.04° 3.13+0.05®  16.73+0.22° 79.41+0.05®° 17.02+0.23"
L2min Front  49.54+055° 3.66+0.25°  17.16+0.19° 77.96+0.68°¢ 17.55+0.24°
Back  53.86+0.06° 2.52+0.03°  14.78+0.07" 80.34+0.07*  15.00+0.07
Amin Front 46.82+0.03° 3.57+0.11%  16.92+0.07% 78.07+0.31° 17.29+0.09*
Back  53.86+0.06° 2.52+0.03°  14.78+0.07" 80.34+0.07*  15.00+0.07
MFPs amin Front  46.06+0.10% 3.19+0.05°  15.62+0.04" 78.46+0.18°  15.94+0.04°f
Back  52.20+0.19% 2.77+0.10° 14.91+0.06" 79.48+0.41*® 15.16+0.04
Lomin  Front 51.37+0.66%° 3.52+0.06°¢ 17.20+0.05" 78.44+0.20°  17.55+0.05°
Back  54.09+0.07° 2.63+0.04*° 15.54+0.08° 80.41+0.11°  15.76+0.08°
amin  Front 48.48+0.03° 4.06+0.02°  17.87+0.03%° 77.20+0.06°  18.33+0.03°
Back  55.45+0.14%° 2.68+0.03* 15.95+0.12° 80.45+0.03°  16.18+0.13¢
HFPs amin Front  48.44+0.06° 3.64+0.06°  17.10+0.07° 77.98+0.24° 17.49+0.05*
Back  52.24+0.04° 2.62+0.04°  15.44+0.06° 80.47+0.03*  15.66+0.06°
Lomin  Front 47.74+0.06° 3.7620.07°  16.82+0.12% 77.39+0.30“ 17.23+0.11°
Back  55.61+0.03° 3.01+0.57*° 14.66+0.05" 78.43.15° 14.98+0.13
Amin Front  48.07+0.09° 3.33+0.08°® 15.90+0.07° 78.18+0.33"  16.24+0.05°
Back  53.91+0.03° 3.36+0.05%  16.34+0.07° 78.37+0.19°  16.68+0.06°
CF amin  ont 45.94+0.18° 2.65+0.09"  14.50+0.14" 79.63+0.42%°  14.74+0.12°
Back  54.94+0.06° 3.37+0.05°  16.74+0.06° 78.63+0.19®  17.08+0.06"
Lomin  Front 42.20+0.18" 3.24+0.05%®  15.35+0.08° 78.09+0.25°¢ 15.69+0.07
Back  55.00+0.12° 3.41+0.03*  17.30£0.05% 78.85+0.12%  17.64+0.05°
P-value of front 0.000 0.000 0.000 0.003 0.000
P-value of back 0.000 0.000 0.000 0.001 0.000

Means that do not share a letter on superscript in the same column are significantly different. Where,
FFPs= fine flour particle size (180pum), MFPs= medium flour particle size (355um), HFPs=higher
flour particle size (500um) and CF= control flour
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Table 4.9. Interaction effect of main factors on the color of the injera of 1% day storage.

Factors Face L* ax b* h* c*
FPs DKt
Front 39.76+0.17%  2.01+0.22°° 9.71+0.55%  78.18+0.55®  9.91+0.58"
4min  Back 56.61+0.18"  1.35+0.05™ 10.44+0.11° 82.65+0.18®  10.52+0.11%
Front 44.57+0.93°  1.65%0.10“ 8.92+0.14™  79.52+0.47®  9.07+0.16°"
8MIN - pack  57.88+0.39  1.27+0.04° 10.39+0.01° 83.05£0.19%  10.47+0.02%
FFPs Front 40.21+1.68°®  1.36x0.05° 7.97#0.54°  80.31+0.30*  8.09+0.55"
12min - pock  56.37+0.70%°  1.2240.08° 1045:025%  8331#058°  10.52+0.24%
Front 44.37+0.13°  2.42+0.01® 11.47+0.01 78.09+0.05®  11.72+0.01"
4min  Back 52.43+0.22°"  1.27+0.03° 9.60+0.07*" = 82.48+0.23®  9.69+0.07%
Front 39.74+0.43%  2.01+0.02°° 9.55+0.09° 78.09+0.13"  9.76+0.09%
8min - pack  51.86+0.73" 1.13+0.02°  9.04+0.02f 82.85+0.14"  9.11+0.02'
MFPs Front 42.86+0.25°  2.40+0.01* 11.51+0.25° 78.22+0.24®  11.76+0.24"
12min - pack  50.59+1.10° 1.50+0.06™ 10.16+0.10®  81.60+0.23™° 10.27+0.11%
Front 48.75+0.18°  2.84+0.06*° 13.16+0.04*  77.81+0.30  13.46+0.03"
4min  Back 55.12+0.15°® 2.17+0.02° 13.12+0.13°  80.61+0.01*° 13.30+0.13"
Front 43.33+0.04°  2.38+0.13® 10.78+0.16 77.52+0.84*  11.04+0.13“
BMiN - pack  5845:070°  1.46+0.04™ 10.79+0.33% 82.29+035%  10.89+0.33%
HFPs Front 48.81+0.43°  2.58+0.09® 12.38+0.08® 78.24+0.31*  12.65+0.09%
12min - pock  55.77+0.15%%  155+0.03 11.06:016° 81744047 11.1740.16°
Front 42.21+2.45"°  1.68+0.32) 9.29+0.57  79.80+1.34®  9.45+0.61°™
4min  Back 57.26+0.67"  1.32+0.03"° 10.42+0.03“ 82.76+0.12*  10.50+0.03“
Front 39.47+1.08%  1.99+0.55* 8.33+0.27"  76.67+3.21™ 8.57+0.39""
BMIN - Back  54.91#1.42°F  1.87+0.62° 10.61#0.17°° 80.0743.06%  10.78+0.27™
CF Front 38.39+1.29°  2.33+0.19® 8.31+0.69"  74.33%0.33°  8.63+0.71""
12min - pock 532542497 215:030° 10.86+047™ 78784155  11.0740.47%
P-value of front 0.000 0.001 0.000 0.000 0.000
P-value of back 0.001 0.000 0.000 0.004 0.000

Means that do not share a letter on superscript in the same column are significantly different. Where,
FFPs= fine flour particle size (180pum), MFPs= medium flour particle size (355um), HFPs=higher
flour particle size (500um) and CFPs= control flour
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4.11. Effect of Teff Flour Particle Size and Dough Kneading Time on Proximate

Composition of Injera
4.11.1. Moisture Content of Injera

The moisture content of injera ranged from 5.90 to 6.45% on dry base due to the interaction
effects of flour particle size and dough kneading time, with significant differences (P<0.05)
observed between treatments. The highest moisture value (6.45%) of injera was obtained
from control flour kneaded at 12 minute while, the lowest moisture value (5.90%) was
observed in injera formulated from coarse flour particle size kneaded for 4 minute. The
moisture content of injera made from fine flour particle size and control flour kneaded at all
kneading time are not significantly different. The moisture content of injera from medium
and coarse flour particle size was not significantly different but significantly different from
control flour and fine flour particle size. The results demonstrated that the moisture contents
of different injera were significantly influenced by teff flour particle size. Moisture content

of injera from fine flour particle size is higher and vice versa.

The difference in moisture content could be due to the low water absorption capacity of
medium and coarse flour particle sizes while fine flour particle size and control flour have
high water absorption capacity (Y. Assefa et al., 2018). The current findings in line with the
findings reported by Y Mihrete & Bultosa (2017) who had recorded the moisture content of
injera made from the composite flour of teff, sorghum, and faba bean ranged from 5.55% to
8.25%.

4.11.2. Crude Protein Content of Injera

Proteins are source of essential amino acids which are concentrated in the pericarp, aleurone
layer and germ of grain (Melese et al., 2022). The interaction effect of flour particle size and
dough kneading time on the crude protein contents of injera was significant (P<0.05). The
values ranged between 10.32 to 12.82%. The control flour particle size injera kneaded for 12
minutes had the highest protein content (12.82%), whereas the fine flour particle size injera
kneaded for 4 minutes had the lowest protein content (10.32%). The difference might be
attributed due to the difference in flour protein content and dough kneading time which
enhances fermentation to increase protein content of injera. Protein content of wheat bread
made from fine and coarse flour particle size with dough kneaded for 10 and 12 minute was
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reported different values by Yaregal et al., (2022). Accordingly 11.23% and 11.88% was
recorded when dough was kneaded for 10 and 12 minute, respectively and 10.9% and

11.08% of protein was reported on bread from coarse and fine flour particle size.

The protein content of injera was significantly (P<0.05) affected by dough kneading time.
As the dough kneading time increased from 4 minute to 12 minutes the protein content of
treatments increased by 13.28% to 23.15%. The current findings agree with the results of
Mihrete & Bultosa, (2017), who reported the protein content of fermented injera altered
slightly as fermentation time increased. Thus, extended kneading time initiates the
fermentation process, which contributes to the increased protein content of the developed
injera. This could be due to microbial protein production from metabolic intermediates
during their growth cycles. According to Abebe et al., (2015), extending the fermentation

time enhanced the crude protein.

4.11.3. Crude Fat Content of Injera

Table 4.10 shows the crude fat content of injera from different teff flour particle size and
varied dough kneading time that ranged from 1.18-1.73%. The highest crude fat content
(1.73%) was obtained from injera prepared from fine flour particle size and 8 minutes
kneading time, while the lowest value (1.18%) was obtained from injera made with coarse
flour particle size and 4 minute dough kneading time. The interaction of flour particle size
and dough kneading time had a significant (P<0.05) effect on the crude fat content of the
Injera. Fine flour particle size and control flour had more germ part of grain that holds more
healthy fat content. The current results in line with Fikre, et al., (2019) who reported the fat
content from 0.74-2.7%.

Dough kneading traps more air and provides heat for fermentative bacteria and yeast, which
initiates dough fermentation. Significant change in dough kneading time demonstrates as
fermentation initiated and significantly (P<0.05) reduced the crude fat content of the injera.
The fat level of the injeras was shown to be lower under favorable fermenting conditions.
This drop in fat content could be related to increased lipolytic enzyme activity during
fermentation, which hydrolyzes lipid components into fatty acid and glycerol (Bello et al.,

2020). When compared to other staple foods, teff has favorable fatty acid content that
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dietary fats serve in increasing palatability of food by absorbing and retaining flavours
(Mezgebo et al., 2018).

4.11.4. Crude Fiber Content of Injera

The crude fiber determines the amount of indigestible cellulose, pentosanes, lignin, and
other constituents. Fiber is well recognized for its ability to lower the risk of diabetes,
cardiovascular disease, and high blood cholesterol (Memon et al., 2020). The crude fiber
content of injera was significantly affected (P<0.05) by the interactions between flour
particle size and dough kneading time and the values were ranged from 2.01 to 3.37%.

The fine flour injera kneaded for 12 minutes yielded the lowest results, and the injera made
from coarse flour kneaded for 4 minutes obtained the highest values. The crude fiber values
were linearly increasing with the increasing flour particle size and inversely decreased with
increase in the dough kneading time. The high content of bran in the coarse particle size

flour increase the fiber content of injera made it.

The result also revealed that long kneading time reduced the fiber content of the Injera. The
expected decrease in fiber content might be attributed due to favorable condition created for
fermentation that help to the partial solubilisation of cellulose and hemi cellulosic type of
material by microbial enzymes (Y Mihrete & Bultosa, 2017). The results of the current
study were in agreement with the finding of Fikre et al., (2019), who had reported the crude

fiber content of injera prepared from teff flour as 3.5%.
4.11.5. Total Ash Content of Injera

The ash content indicates an estimation of the total mineral content in a certain amount of
food Substance (Mishra & Chandra, 2012). The total ash contents of injera samples varied
significantly (P<0.05) due to the interaction of flour particle size and dough kneading time.
The ash content of the injera was in the range of 2.40-2.73% (Table 4.10). Injera prepared
from coarse flour particle size and kneaded for 4 minutes had the highest total ash (2.73%)
value, whereas injera made with fine flour particle size kneaded for 12 minutes had the
lowest total ash (2.40%) value. The difference might be due to the flour nature that coarse

particle size flour had bran that holds the total mineral content than fine particle size flour
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(Y. L. Assefa et al., 2018). The total ash content of injera was not significantly affected by

dough kneading time.
4.11.6. Carbohydrate Content of Injera

The interaction effect of flour particle size and dough kneading time had significant effect
(P<0.05) on the utilizable carbohydrate contents of injera as shown in Table 4.10. The
carbohydrate content of the formulated Injera varied between 73.68 and 77.66%. The
highest carbohydrate content (77.66%) was found in injera made from fine flour particle size
with 4 minute dough kneading time, while the lowest carbohydrate content (73.68%) was
found in injera made from control flour and kneaded for 12 minutes. The results revealed
that lowering flour particle size increase the carbohydrate content of the injera. This might
be due to the difference in starch content of the flour. Teff is starchy cereal that was highly
grounded to fine particle size (Baye, 2018). A similar result was reported by Woldemariam
et al., (2019), who found the carbohydrate content of amaranthus-Teff-Barley blended injera
in the range of 73.89% to 79.71%. The carbohydrate content of injera prepared from
medium and coarse flour particle size with all used kneading time was not significantly
different.

4.11.7. Gross Energy

The total energy content reflects the presence of carbohydrate, protein, and fat in the diet.
The gross energy of injera samples varied from 356.81 to 364.25 kcal/100 g (Table 4.10). A
significant difference (p<0.05) was observed in the gross energy content of the injera sample
by flour particle size and dough kneading time interactions. The highest gross energy
content (364.25 kcal/100 g) was observed in injera samples prepared from a fine flour
particle size kneaded for 4 minute whereas the lowest energy content (356.81 kcal/100 g)
was observed in injera samples prepared from control flour and kneaded to 12 minutes.
Injera samples with higher gross energy content indicate the samples attributed to high fat

content.
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Table 4.10. Effect of flour particle size and dough kneading time on the proximate composition of injera

particle  Kneading Moisture (% Crude protein Crude Crude fiber Total ash Carbohydrate ~ Gross Energy
size(um)  time(min) db) (db%) fat(db%) (db%) (db%) (%db) (keal/100g)
4 6.22+0.06™° 10.32+0.26°  1.53+0.09% 2.42+0.01"  2.42+0.03%  77.66+0.20°  364.25+0.89°
FEPS 8 6.32 £0.01%° 10.58+0.03°°  1.73+0.05° 2.25+0.05°%  2.41+0.03° 77.26+0.01* 361.99+0.32"
12 6.44+0.03%°  11.69+0.95®  1.51+0.04°° 2.01+0.03"  2.40+0.03° 75.86+1.11°  361.02+0.43%
4 5.94+0.24°  10.96+0.11°°  1.37+0.13% 3.30+0.08%° 2.59+0.06™  75.92+0.12°  361.28+0.74
MEPs 8 5.98+0.63°  11.11+0.01°  1.28+0.01¢  3.27+0.01%*° 2.60+0.01*°  75.86+0.13° 363.43+0.86%
12 6.06+0.28%  11.71+0.002%* 1.31+0.05%  3.07+0.01°  2.50+0.02°®  74.92+0.16% 360.08+0.29%"
4 5.90+1.88%  10.66+0.002°° 1.18+0.05%  3.37+0.02% 2.73+0.01*  76.07+0.00® 358.43+0.10%"
HEPs 8 6.10+0.91°¢ 10.66+0.09°°  1.20+0.12%  3.34+0.05®® 2.68+0.0.01* 76.06+0.01°° 358.67+0.72""
12 6.11+0.71°¢ 10.57+0.11°°  1.23+0.05°  3.20+0.07°® 2.68+0.03%*®  76.05+0.20°° 357.54+0.09"
4 6.33+0.19°° 10.41+0.08°  1.60+0.03 3.23+0.02°¢ 252+0.01°  76.09+0.06® 360.37+0.18%
CE 8 6.44+0.44°  10.70+0.21°°  1.55+0.01%"° 3.12+0.04% 2.52+0.01° 75.65+0.27°  359.37+0.34°%9
12 6.45+0.17%°  12.82+0.93%  1.20+0.02°  3.06+0.02° 2.62+0.06°  73.68+0.95° 356.81+0.12'

P-value 0.002 0.000 0.000 0.000 0.000 0.003 0.000

Means that do not share a letter on superscript in the same column are significantly (p<0.05) different. Where, FFPs= fine flour particle size

(180um), MFPs= medium flour particle size (355um), HFPs=coarse flour particle size (500um) and CF= control flour respectively
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4.12. Main Effects of Flour Particle Size and Dough Kneading Time on Mineral

Contents of Injera

In this study iron, zinc and calcium contents of injera samples were analyzed and the results
are shown in table 4.11. Flour particle size and dough kneading time had significant effect
(P<0.05) on the mineral contents of injera. The injera samples made from control flour had
the highest values 17.42, 2.33 and 164.89, for iron, zinc and calcium, respectively. Injera
samples made from fine flour particle size had lower values of 13.60, 1.85 and 134.14 for
iron, zinc and calcium content, respectively. As the dough kneading time increase from 4
minute to 12 minute the mineral content increased from 15.41 to 16.30, 1.95 to 2.25 and

150.53 to 157.00 for iron, zinc and calcium, respectively.

Table 4.11. Main effect of teff flour particle size and dough kneading time on mineral
contents of injera.

Particle size  Iron (Fe) Calcium (Ca) Zinc (Zn)
FFPs 13.60+0.18¢ 134.14+3.30° 1.85+0.11¢
MFPs 15.75+0.25° 152.17+1.12° 2.05+0.08°
HFPs 16.93+0.09° 162.65+0.55° 2.18+0.05"
CFPs 17.42+0.21° 164.89+0.86° 2.33+0.072
P-Value 0.000 0.000 0.000
Dough Kneading time

4 min 15.41+0.35¢ 150.53+2.05° 1.95+0.08°
8 min 16.05+0.08b 154.37+0.25" 2.12+0.05"
12 min 16.30+0.21a 157.00+0.28° 2.25+0.08°
P-value 0.000 0.000 0.000

Means that do not share a letter on superscript in the same column are significantly different. Where

FFps=fine flour particle size (0-180um), MFPs= medium flour particle size (181-355um), HFPs=

coarse flour particle size (356-500um) and CFPs= control flour (0-710um).
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4.12.1. Iron Content of Injera

Figure 4.6 shows the iron content of injera samples produced from various teff flour particle
sizes and dough kneading times. Interaction effect of flour particle size and dough kneading
time had a significant effect (P<0.05) on the iron content of injera. The highest iron content
(17.73mg/100g) was obtained in injera samples prepared from control flour kneaded for 8
minute while the lowest iron content (12.87mg/100g) was obtained on injera samples made
from fine flour particle size kneaded at 4 minute. The results showed that the particle size of
the flour has a positive impact on the iron content of the injera. The iron content of the injera
had risen significantly (P<0.05) during dough kneading time. This might be due to long
kneading time that initiate the fermentation and enhance the removal of ant-nutritional
factors, which are thought to be responsible for protein and mineral unavailability (Yimer
Mihrete, 2019).
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Figure 4.6. Interaction effects of flour particle size and dough kneading time on iron content
of injera.
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4.12.2. Zinc Content of Injera

Flour particle size and dough kneading time had shown significant effect (P<0.05) on zinc
contents of injera samples and the results varied between 1.62 — 2.50 mg/100g. The highest
value was recorded on injera samples prepared from coarse flour particle size kneaded for
12 minutes whereas the lowest value was found in injera sample prepared from fine flour
particle size kneaded for 4 minutes. It was observed that zinc contents increased with
increase in kneading time of dough. This is due to the reduction of anti-nutritional factors
present in the raw flour. Zinc contents of 3.03 mg/100g, 2.10 mg/100g and 1.44mg/100g
were reported by Yasin, (2021), Cherie et al., (2018) and Fikre, et al., (2019), respectively
for injera samples prepared from white teff flour. The current study was in the range of

previous studies.

Zine Content of Injera (mg/100g)
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Figure 4.7. Effect of flour particle size and dough kneading time on zinc content of injera.
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4.12.3. Calcium Content of Injera

The calcium contents of injera were significantly influenced (P<0.05) by the flour particle
size and dough kneading time as illustrated on figure 4.8. The values measured ranged from
131.70 mg/100g to 165.95 mg/100g. The maximum (165.95 mg/100g) value was obtained
for injera samples prepared from coarse flour particle size and kneaded for 12 minutes,
while the lowest (131.70 mg/100g) value was obtained for injera samples prepared from fine
flour particle size and 4 minutes kneading time. The calcium content of injera had been
found in the ranges of 123-187.25 mg/100g reported previously by Yimer Mihrete (2019).
Yegrem & Temesgen, (2019) reported the calcium content of teff injera as 167.69 mg/100g
which agree with current findings. Coarse flour particle size had higher calcium content
followed by control flour injera than medium and fine flour particle size. The results reveal

that reduction in flour particle size decrease the calcium content.
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Figure 4.8. Effect of flour particle size and kneading time on the calcium content of injera
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4.13. Total Phenolic Compounds and Anti-nutritional Contents of Injera

Table 4.12. Main effect of flour particle size and dough kneading time on total phenolic

compounds and anti-nutritional contents of injera.

Flour Particle Total Phenol (mg  Condensed Tannin (mg Phytates (mg/100g)
Size GAE/100g) catechin equiv./100g)

FFPs 116.61+0.11¢ 2.69+0.42° 214.77+5.28¢
MFPs 121.87+0.62° 3.51+0.43° 239.2545.97°
HFPs 128.79+1.86° 5.00+0.75° 317.26+1.76°
CF 124.59+2.11° 3.85+0.47° 257.49+1.04°
P-Value 0.000 0.000 0.000

Dough kneading time

4 min 121.51+0.13° 4.30+1.10° 290.30+0.172
8 min 122.85+2.74% 3.70+0.80° 243.07+1.54°
12 min 124.54+3.47° 3.28+0.81° 238.22+1.40°
P-value 0.001 0.000 0.000

Means that do not share a letter on superscript in the same n are significantly different. Where
FFps=fine flour particle size (180um), MFPs= medium flour particle size (355um), HFPs= coarse

flour particle size (500um) and CF= control flour

4.13.1. Total Phenolic Compounds of Injera

Figure 4.9 presents the impacts of flour particle size and dough kneading time on the total
phenol content of injera samples. The interaction of flour particle size and dough kneading
time showed significant (P<0.05) difference on the overall phenolic content of injera, with
values ranging from 114.86 mg GAE/100g to 130.59 mg GAE/100g. The highest value
(130.59 mg GAE/100g) was observed in coarse flour particle size injera kneaded for 12
minutes, while the lowest value (114.86 mg GAE/100g) was observed in fine flour particle
size kneaded for 4 minutes. Higher total phenolic compounds were obtained in the coarser
particle size flour injera as compared to the fine particle size flour injera. The lowest
quantity of total phenolic acids indicating that fine particle size fractions primarily consisted
of endosperm fraction as higher levels of phenolic acids are associated with the bran fraction
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than endosperm. The coarse flour particle size was enrichment of bran and germ that was

high in total phenolic content (Lu & Luthria, 2016).

The total phenolic content increased with increasing dough kneading time. This might be
due to bounded phenolic compounds released with elongated kneading time as a result of
heat induced due to friction during kneading (Yoseph, et al., 2018). Through their
antioxidant activity, foods high in phenolics may help decrease the chance of strokes,

coronary heart disease, certain cancers, and liver disorders (Bhuyan & Basu, 2017).
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Figure 4.9. Effect of flour particle size and dough kneading time on total phenolic content
of injera.

4.13.2. Condensed Tannin Content of Injera

Tannin content of injera ranged from 2.26 mg catechin equiv./100g to 5.90 mg catechin
equiv./100g that was significantly (P<0.05) affected by flour particle size and dough
kneading time. The highest tannin content (5.90 mg catechin equiv./100g) was obtained in

the injera samples of coarse flour particle size kneaded for 4 minute and the lowest (2.26 mg
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catechin equiv./100g) value was obtained on fine flour particle size kneaded for 12 minute.
The result indicates that condensed tannin content of the injera samples decreased with
elongated dough kneading time, whereas coarse flour particle size injera had greater tannin
content than fine flour particle size injera. The higher tannin content in the coarse flour
particle size over fine, medium flour particle size and control flour injera might be due to
bran amount found in coarse flour. Tannins are known to be accumulated in outer layers of
grains that decrease the protein quality of foods and interfere with dietary iron and calcium

absorption (Serna-Saldivar & Espinosa-Ramirez, 2019).
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Figure 4.10. Interaction Effect of Flour Particle size and Dough Kneading time on
Condensed tannin content of injera.
The tannin content of various sorghum varieties was decreased by 61.9-92.3% after the seed
coat/husk was removed. This is due to the presence of phenolic chemicals (tannins) in the
pericarp but not in the germ or endosperm (Abiye, 2011). The findings of the current study
denote that tannin content of prepared injera was decreased by long time dough kneading.

Long time kneading of dough will initiate enzyme activities and fermentation by introducing
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air and heat for the dough. This activity helps to losses the tannin content of food due to
active oxidative enzymes and degradable of pericarp part of cereals with fermentation
(Chlopicka et al., 2012). On the other hand, the condensed tannin contents of injera samples
were 2.69 mg/100g, 3.51mg/100g, 5.00mg/100g and 3.85mg/100g that was lower than
9.30mg/100g, 10.58mg/100g, 12.98mg/100g and 11.19mg/100g found in the flour of fine,
medium, coarse particle size and control flour respectively. This could be due to tannin's

heat sensitivity and thermal degradation during baking (Yegrem & Temesgen, 2019).

4.13.3 Phytate Content of Injera

Phytic acid is an anti-nutritional component that interacts with carbohydrates, protein,
mineral contents like iron, calcium and zinc to produce insoluble complexes that lower their
bioavailability, functioning, absorption and nutritional value (Bassi et al., 2021). It is the
main storage of phosphorus compound of grains. The interaction of flour particle size and
dough kneading time had shown a significant (p<0.05) effect on the phytate content of injera
samples and the values was ranged from 211.02 mg/100g to 329.50 mg/100g. The highest
value (329.50 mg/100g) was obtained for coarse flour particle size injera kneaded for 4
minute while the lowest value (211.02mg/100g) was obtained for fine flour particle size
injera with 12 minute dough kneading. The phytate content of injera was reduced up to 36%
when flour particle size reduced from 500um to 180um with kneading time elongated from

4 minute to 12 minute.

The Phytate content of injera samples degraded significantly as the dough kneading time
increased. Different content of phytate may come from the influence of kneading which can
affect dough fermentation (Urga & Narasimha, H. V, 2017). It decreased in the order
kneading time for 4 minute (290.30mg/100g) greater than Kneading for 8 minute
(243.07mg/100g) greater than Kneading for 12 minute (238.22mg/100g). Phytate can be
degraded by endogenous phytases which can be activated by food processing
techniques(Baye et al., 2013). Phytates can create complexes with endogenously secreted
minerals like calcium and zinc, rendering them unavailable for re-absorption into the body.
Increased kneading time can degrade phytate content from food and reduce these impacts

(Manary et al., 2002). Contrary phytate can help to avoid kidney stones by acting as a
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crystallization inhibitor of calcium salt. They also have anti-cancer and glucose-lowering

qualities (Lee et al., 2006).
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Figure 4.11. Interaction effect of Flour particle Size and Dough Kneading Time on Phytates
contents of injera
4.14. Effect of Flour Particle Size and Dough Kneading Time on Microbial Loads of

Injera

Figure 4.12 and 4.13 shows the microbial load of injera due to the interaction effect of flour
particle size and dough kneading time for day one, day three and day five storage. Figure
4.12 shows the aerobic bacterial count and figure 4.13 shows the yeast-mold counts of
injera. The total aerobic bacterial count were not detected in injera samples made from fine

and control flour with 4 minute dough kneading time and medium and coarse flour particle
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size with 4 and 8 minute dough kneading time on day 1 storage while detected up to 4.54
logs CFU/g with increased storage day to 5. The yeast-mold counts of injera samples were
found from 1.77-5.08 CFU/qg for the analysis conducted in the day one storage, third day and
fifth day storage respectively. According to Saddozai & Samina, (2009);(Kasaye & Jha,
2015) based on the WHO regulation of 1994 the standard maximum permissible limits in
ready-to-eat baked products (cake, bread, and biscuit) for total aerobic bacterial colony
count (total aerobic mesophilic bacterial) are 2.0x10° cfu/g (5.3), coliforms bacteria is 20
cfulg (1.30), and yeast and mold are 1.0 x10* cfu/g(4), respectively. Yeasts-molds counts
shall not exceed the limits of 1.8x10%(3.26) as Ethiopian standard 2013. Compared to
standard maximum permissible limits in ready-to-eat baked products, the developed injera
from flour particle size and dough kneading time had a lower total plate count profile in all
three storage days with yeast-mold load in day one and day three. However, the yeast and
mold load of injera on the fifth day of storage exceeds the maximum allowable limits. As a
result, the current study suggests that using injera made from different particle sizes with
different dough kneading times is safe up to day five storage for bacteria and day three for
yeast and mold load. Mold spoilage is a serious issue that decreases food's shelf life (Gill et
al., 2020). Overall, under traditional storage conditions, injera storage does not usually last

more than three days at room temperature due to mold spoilage (Ashagrie & Abate, 2012).
4.14.1. Total Plate Count of Injera

The total aerobic bacteria load of injera prepared from different particle size and varied
mechanical dough kneading time is presented in figure 4.12 and appendix table 3. As
explained in appendix table 3 at 1% day no bacteria colony count was observed on injera
made from fine flour kneaded for 4 minute, medium flour for 4 minute, medium for 8
minute, coarse for 4 and 8 minute, and control flour for 4 minute kneading time. The
interaction effect of the main factors had no significant effect on the total aerobic plate
counts of injera samples of fine flour with 8 minute kneading time, fine flour with 12 minute
dough kneading time, medium flour with 12 minute, coarse flour with 12 minute, control
flour with 8 minute and control flour with 12 minute dough kneading time on the day one

storage.
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The interactions of flour particle size and dough kneading time resulted a total aerobic plate
counts ranged from 3.49 — 3.77 log CFU/g (day three) and 3.97 — 4.54 log CFU/g (day five).
At 3" day of storage the highest bacterial colonies count was obtained in injera samples
formulated from fine flour particle size and 12 minute dough kneading time and control
flour with 12 minute dough kneading time having the values of 3.75 and 3.77 respectively
while the lowest bacterial colonies count was obtained in samples of medium flour kneaded
for 8 minute followed by medium flour kneaded at 4 minute and coarse flour kneaded at 4
minute with the values of 3.49 and 3.52 logs CFU/g respectively. The result was in close
agreement to total aerobic count of injera with the value of 3.07 log CFU/g after 4 days and
that rose to 3.89 log CFU/g after 6 days storage reported by Kelbore et al., (2022). This
might be due to favorable condition (air and temperature) formed during mixing and
kneading for microbial growth (Eke & Elechi, 2021).
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Figure 4.12. Total aerobic bacteria count of injera on day 1, day 3 and day 5 storage.

Where: P1K1 is fine flour particle size with 4 minutes of dough kneading time, P1K2 is Fine
flour particle size with 8 minutes of dough kneading time, P1K3 is Fine flour particle size
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with 12 minutes of dough kneading time, P2K1 is medium flour particle size with 4 minutes
of dough kneading time, P2K2 is medium flour particle size with 8 minutes of dough

kneading time, P2K3 is medium flour particle size with 12 minutes of dough kneading time
and P3K1 is coarse flour particle size with 4 minutes of dough kneading time, P3K2 is
coarse flour particle size with 8 minutes of dough kneading time, P3K3 is coarse flour

particle size with 12 minutes of dough kneading time, CFK1 is control flour with 4 minute

dough kneading time, CFK2 is control flour with 8 minute dough kneading time and CFK3

is control flour with 12 minute dough kneading time, ND is Not Detected.

Different flour particle size with increased dough kneading time initiate the fermentation
that promotes growth of bacterial load with maximum kneading time of injera dough
(Godebo et al., 2019). On the other hand the difference in nutritional content, the moisture
holding capacity of varied flour particle size might affect the microbial load of injera
prepared from different flour particle size with varied dough kneading time (ljah et al.,
2014). When compared to control and fine flour particle size injera, injera made from
medium and coarse flour particle size was slightly lower. This is due to the difference in
antimicrobial compounds, such as phenolic compounds, which was higher in medium and

coarse flour (Girma et al., 2013a)

4.14.2. Mold and Yeast Counts in Injera

The yeast-mould counts were significantly different (P<0.05) for flour particle size and
dough kneading time differences in all injera storage days as shown on the figure 4.13. The
result of yeast-mould counts of injera samples from interaction effect of flour particle size
and dough kneading time ranged from 1.77-2.09 log CFU/g on day one storage, 3.76- 4.29
log CFU/g on day three storage and lastly rose to 4.48-5.08 on day 5 storage. The highest
score of total yeast and mold counts were obtained in injera prepared with fine flour particle
size and 12 minute kneading time and control injera with 12 minute kneading time. The
lowest values of total yeast-mold counts were recorded in the injera sample prepared from
coarse flour particle size with 4 minute dough kneading time. The result was higher than the
work of Girma et al., (2013) 2.85, 3.06 and 4.08 log CFU/g on day 2, 4 and 6 storage time,
respectively. This could be due to the fine flour particle size and control flour injera

contained more nutrients, such as proteins and starch, than medium and coarse flour injera,
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which could be easily available to microorganisms, leading to higher counts (Girma et al.,
2013a). The moisture content of injera prepared from fine flour particle size and control
flour had higher which is suitable for yeast and mold growth (ljah et al., 2014). In the
current study the higher counts of yeast and mold was higher in fine flour particle size and
control flour injera and lower in injera prepared from medium and coarse flour particle size
that contained lower protein and starch. The spontaneously kneading injera dough promotes
the growth of natural microorganisms by promoting air and temperature and aids in the
diffusion of nutrients for stationary yeast and mould (Akdogan & Ozilgen, 1992). The result
of current study concludes that increment of dough kneading time increases the growth of

microbial load beyond the permissible limit on the day 5 storage.
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Figure 4.13. Total yeast and mold count of injera on day 1, day 3 and day 5 storage.

Where: P1K1 is fine flour particle size with 4 minutes of dough kneading time, P1K2 is Fine
flour particle size with 8 minutes of dough kneading time, P1K3 is Fine flour particle size
with 12 minutes of dough kneading time, P2K1 is medium flour particle size with 4 minutes
of dough kneading time, P2K2 is medium flour particle size with 8 minutes of dough

kneading time, P2K3 is medium flour particle size with 12 minutes of dough kneading time
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and P3K1 is coarse flour particle size with 4 minutes of dough kneading time, P3K2 is

coarse flour particle size with 8 minutes of dough kneading time, P3K3 is coarse flour
particle size with 12 minutes of dough kneading time, CFK1 is control flour with 4 minute
dough kneading time, CFK2 is control flour with 8 minute dough kneading time and CFK3

is control flour with 12 minute dough kneading time
4.15. Sensory Acceptability of Injera

4.15.1. Main effect of Flour Particle Size and Dough Kneading Time on sensory
acceptability of injera

In the current study panelists judge sensory attributes with five point hedonic scale to assess
the acceptability of injera. Color, taste, texture, eye size, rollability, eye distribution, top and
bottom surfaces, and overall acceptability of injera samples were judged by panelists, as
shown in Table 4.13. The taste of injera is attributed with the sweet, sour, and bitter feelings
evoked in the mouth by injera contact. One of the most important parameters is the
appearance of injera, which refers to the quality of the eyes (cells) of the honeycomb-like
structure of the top surface of injera formed during cooking due to escaping CO, bubbles
(Yimer Mihrete, 2019).

Injera prepared from fine flour particle size and control flour had higher panelist
acceptability in all sensory attributes as compared to the corresponding medium and coarse
flour particle size. The medium flour particle size and coarse flour particle size injera had
significantly different and had lower sensory acceptable. The medium and coarse flour
particle size injera’s sensory attributes scores were not good as per the scale as the highest
value, 4.52, was below like moderately (4) scale and above the dislike one. The result was
mostly fall in the either score scale of like or dislike (3) and below this value for most of
sensory attributes of all injera samples of medium and coarse flour particle size. That is to

say, if the particle size is coarse the popularity of the injera reduced.

The sensory attributes of injera was varied with the kneading conditions of the dough. This

could be explained by the relationship between kneading and gas formation in the dough of

injera which results fermentation conditioning. Kneading the dough encourages the release

of large gas bubbles, resulting in a more even distribution of the bubbles within the dough,

which ultimately contributes to the product's quality (Rosell, 2011). The score of sensory
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quality of injera increase with the increments of kneading time from 4 minutes to 12
minutes. This result concludes that, dough kneading parameters should always be optimised
for each preparations and process, taking into account kneading rate, duration, and stand
mixer type (Y.Assefa et al., 2018). When the flour particle size was reduced to less than
180um, the panelists' scores were like moderately and like very much, and when the dough
kneading time was increased from 4 to 12 minutes, the sensory score changed from dislike
to like moderately in all sensory attributes. Sensory quality of injera revealed that the
appearance (color, eye distribution and eye size) texture, taste, top and bottom surfaces and
overall acceptability of the injera prepared from fraction 180mm kneaded with 12 minute
dough kneading time got higher scores than the injera prepared from other fractions of flour

with lower minute dough kneading time.
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Table 4.13. Main effect of flour particle size and dough kneading time on sensory acceptability of injera

Flour particle Color Taste Eye Size  Rollability Texture Eye Top and Bottom OAA
size Distribution Surface

FFPs 452+0.75% 4.39+0.79%° 4.41+0.70° 4.54+0.72° 4.51+0.70° 4.41+0.73%°  4.49+0.67° 4.50+0.65°
MFPs 2.89+0.89° 2.98+0.92° 2.80+0.92° 3.02+1.04° 2.80+0.91° 2.84+1.07° 2.97+0.87" 2.87+0.83"
HFPs 2.5040.92% 2.48+0.91° 2.13+0.91° 252+0.90° 2.24+0.87° 2.22+0.87°  2.29+0.86° 2.41+0.71°
CF 4.24+0.86° 4.19+0.76° 4.24+0.91° 4.3620.73%° 4.26+0.78% 4.23+0.71*°  4.30+0.70° 4.28+0.61°
P-Value 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000
Dough kneading time
4 min 3.34+0.81° 3.41+0.82° 3.16+0.86° 3.44+0.63" 3.32+0.82° 3.25+0.60°  3.43+0.63" 3.38+0.55"
8 min 3.49+0.59° 3.45+0.83%* 3.30+1.12° 3.57+1.01" 3.38+0.96° 3.30+0.97° 3.31+0.91° 3.38+0.77°
12 min 3.79+0.84%° 3.67+0.71% 3.73+0.74* 3.82+0.55° 3.66+0.84%° 3.72+0.55%°  3.79+0.57° 3.79+0.50°
P-value 0.000 0.012 0.000 0.000 0.004 0.000 0.003 0.000

Values are mean + SD and values in the same column with different superscript letters are significantly different from each other (P
<0.05) Where: FFPs= fine flour particle size (0-180um), MFPs= medium flour particle size (181-355um), HFPs= higher/coarse flour particle size
(356-500um), CF= control flour
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4.15.2. Interaction Effect of Flour Particle Size and Dough Kneading time on Sensory

Acceptability of Injera

The sensory acceptability of injera prepared from different flour particle size and dough
kneading time was presented in the figure 4.14. Injera prepared from fine flour particle size
and control flour with 12 minute kneading time had higher acceptance by sensory evaluation
panelists in all sensorial characteristics. All the sensory attributes of Injera formulated from
coarse flour particle size with 4 minutes dough kneading time scored mean of below 2 that is
the lowest score from all injera formulations. As kneading time increased to 8 minutes and
12 minutes, respectively; the acceptability of injera in the range of flour particle size from
356um-500um is increased to almost 3 mean score on average. This implies kneading time
improves the acceptability of injera. The sensory attributes are affected as the flour particle
size and kneading time changes. The change of flour particle size is related with functional
properties such as water absorption capacity and change of kneading time affects injera due
to favorable condition on fermentation that forms gas. Dough kneading helps for the
formation of gas during fermentation. Gas bubbles are more likely to be released during
kneading or mixing of the dough, which leads to an equal distribution of the bubbles

throughout the dough and ultimately improves the final injera quality.

The interaction of flour particle size and dough kneading time had significant (P<0.05)
effect on the color of injera. The lowest color (1.93+0.96) acceptability score was noted for
injera with 500um flour particle size and 4 minute kneading time while the highest score
4.59+0.59 was for injera prepared from fine particle size with 8 minute dough kneading
time. The color acceptability of injera was more dominantly affected by both particle size
and dough kneading time. Injera prepared from fine particle size with all stated dough
kneading time was higher than that of control injera but not significantly different. But injera
prepared from medium and coarse particle size was significantly different from control and

fine particle size on the color characteristics.

Similarly the taste score of injera not exhibited significant (P>0.05) differences due to the
interaction between fine and control flour particle size and given dough kneading time while
injera prepared from medium and coarse flour particle size with varied dough kneading time

was significantly different from each other and control injera. The scores were more
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influenced by particle size rather than dough kneading time. The highest score, 4.56+0.71
was for injera prepared from fine (180um) teff flour and 12 minutes of kneading time and
the lowest score, 2.22+0.99, was for injera with coarse (500um particle size) flour and
dough kneading time for 4 minutes. This implies the injera prepared from flour with higher
kneading time had more acceptance of taste than other injera prepared from either medium
or coarse flour with lower kneading time. Taste refers to the flavors of sweetness, sourness,
saltiness, and bitterness that are triggered in the mouth through injera encounter
(Ghebrehiwot et al., 2016).

An essential sensory characteristic that is frequently used to assess the quality of baked
goods made with cereal is texture. It describes the degree of fluffiness, roughness,
smoothness, softness or hardness of injera and is assessed by touch. The interaction effect of
flour particle size and dough kneading time had no significant (P>0.05) effect on the texture
of injera prepared from fine and control particle size with all kneading time except injera
from control particle size with 4 minute dough kneading time. However flour particle size
and dough kneading time had significant (p<0.05) effect on the texture of injera prepared
from medium, coarse and control with 4 minute dough kneading time. The highest score of
texture is 3.93 for injera prepared from control flour particle size with 4 minute dough
kneading time and the minimum score is 1.85 for injera prepared from coarse flour particle
size with 4 minute dough kneading time. These were all significantly different from other

samples including control injera of with 8 and 12 minutes dough kneading time.

The eye uniformity (eye size and eye distribution) of injera differed significantly (P<0.05)
due to the interaction effect of flour particle size and dough kneading time. The highest
scores in the eyes sizes and eye distribution (4.63 and 4.59) were determined in fine flour
particle size with 12 minute kneading time and control injera with 8 minute kneading time,
respectively. The lowest scores in eye size and eye distribution (1.56 and 1.61) determined
in injera prepared from coarse flour particle size with minimum (4 minute) kneading time.
As the flour particle size decreased to fine flour (below 0.18mm) the injera was resulting in
a few scattered eyes and even eye distribution. On the other hand as the dough kneading
time increases from 4 minute to 12 minutes the fermentation increases and bubble gases are

formed resulting acceptable eye size and distribution.
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The interaction of the two factors on the rollability and top and bottom surface of injeras
revealed significant (P<0.05) differences among the samples and control samples. The
highest score was 4.66 of the samples belonged to fine flour particle size injera with 12
minute dough kneading time and the lowest score was 1.93 and 1.83 with 4 minute dough
kneading time for rollability and top and bottom surface respectively. Injera's desirable
characteristics include softness, non-stickiness, and rollability without fracture (Yetneberk et
al., 2005).

The aggregate of customer or panelist evaluations of a product is referred to as the product's
overall acceptability (Ghebrehiwot et al., 2016). In this work, results of the panelist were not
significantly different in the overall acceptability of formulations on fine and control flour
injera. Injera of fine flour particle size with all given dough kneading time and injera of
control flour particle size with 8 and 12 minutes kneading time were 4.29, 4.54, 4.56, 4.56
and 4.66 respectively. The analysis of variance indicated that the quality of injera made from
control flour particle size with 8 and 12 minutes of kneading time and injera prepared from
0-180um particle size of flour with all of the kneading time did not substantially differ
between them while different from other formulations of flour particle size. Injera prepared
from control and fine flour particle size with 12 minute dough kneading time gained higher
score in all sensory attributes. Fine flour particle size with 12 minute dough kneading time
had the highest overall acceptability value, followed by injera made from fine flour particle
size with 8 minute dough kneading time and injera of control flour with 12 minute dough
kneading time, while injera made from coarse flour particle size with 4 minute dough

kneading time had the lowest value (1.95).

According to the current results, milling the teff grain to a fine particle size of less than
180um and kneading the dough for more than 8 minutes significantly increased the sensory
score in all quality attributes, thereby increasing the kneading time of coarse particle size
flour to 12 minutes increased the rollability, eye distribution, and overall acceptability of

injera as compared to the control flour injera.
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Figure 4.14. Web-chart of eight sensory attributes of injera prepared from different particle
size of flour with varied dough kneading time

Where OAA= Overall acceptability, TBS= Top and bottom surface, ED= Eye distribution, Where:
P1K1 is fine flour particle size with 4 minutes of dough kneading time, P1K2 is Fine flour particle
size with 8 minutes of dough kneading time, P1K3 is Fine flour particle size with 12 minutes of
dough kneading time, P2K1 is medium flour particle size with 4 minutes of dough kneading time,
P2K2 is medium flour particle size with 8 minutes of dough kneading time, P2K3 is medium flour
particle size with 12 minutes of dough kneading time and P3K1 is coarse flour particle size with 4
minutes of dough kneading time, P3K2 is coarse flour particle size with 8 minutes of dough
kneading time, P3K3 is coarse flour particle size with 12 minutes of dough kneading time, CFK1 is
control flour with 4 minute dough kneading time, CFK2 is control flour with 8 minute dough

kneading time and CFK3 is control flour with 12 minute dough kneading time.

94



5. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The current study investigated the effects of flour particle size and dough kneading time on
injera’s physico-chemical characteristics, dough rheological properties, microbiological
quality and sensory acceptability of injera. Milling teff grain and subsequent separation of
flours into different particle size ranges had various effects on chemical and physical
properties of flours and final products. The interaction of flour particle size and dough
kneading time significantly (p<0.05) affects the physicochemical, functional, and
rheological characteristics of dough, as well as the sensory acceptability and microbial

quality of injera.

Fine flour particle size scores the highest percentage of water solubility index and water
absorption index, indicating suitability to produce higher quality injera. Fine flour particles
contained more protein, starch, and fat, whereas coarse flour particles contained higher ash,
mineral, phenolic compounds, and ant-nutritional factors. Coarse flour particle size
incorporated more bran (outer layer) of cereal than fine flour, which contained more of
endosperm. Dough kneading time considerably affect physico-chemical properties and
sensory quality of injera. Mechanical dough kneading for more time promote the product to
the overall acceptability on sensory analysis, improve proximate composition and total
phenolic compounds of injera, minimize the anti-nutritional factors of injera and enhances
the bioavailability by initiating fermentation through air and temperature introducing to

dough.

Injera making process requires the improvement of flour particle size and dough kneading
time as these affects the dough rheological properties and injera quality. In general, flour
particle size distribution to make quality and acceptable injera ranges from 0-180um with
mechanical dough kneading time of 12 minutes. So the findings of this study would
contribute for the decision of flour particle size and using of mechanical dough kneader for
the development of quality and acceptable injera especially in the industrial injera

manufacturing.

95



5.2. Recommendations

The current study recommends optimized flour particle size to 180um and mechanical
dough kneading time of 12 minute to maintain high quality and uniformity of injera.
The commercial teff flour mill can use the method of fractionating flour into different
particle sizes by sieving to produce high quality injera.

The firms that produce injera in mass should include mechanical kneading mechanism
to obtain high quality product and ignore fatigue of human on hand kneading.

Based on the findings of this study of flour particle size and dough kneading time, the
amount of absit added to dough of different flour particle size in relation to injera
quality is an area that needs to be investigated further.

Flour particle size is related with the starch properties that determine the final
product. In the future, researchers may study damaged starch, amylose content and
starch digestibility of different flour particle size on the quality and acceptability of

injera.
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APPENDICES

First I would like to thank you for your volunteer on sensory of injera product provided. You
are provided with twelve (12) samples. Three are controls and the rest of the samples are
coded and you are expected to evaluate the sensory qualities of the samples based on the
hedonic scale presented here. Give score to express your degree of liking.

Please rinse your mouth between tests!
Panelist No ____ Health Status: - Normal [ ] Problem [ ]

Sex:- Male [ ] Female [ ]

Appendix Table 1. Sensory quality attributes evaluation form

Injera Sensory Evaluation Parameters

Sample | Color | Taste | Eye | Rolability | Texture Eye TBS OAA
size Distribution

P1K;

P1K;

P1K3

P2K;

P2K;

P2K3

P3K1

P3K;

P3K3

CFK;

CFK;

CFK3

OAA-= Over all acceptability, TBS=Top and bottom surfaces
Hedonic Scale and respective scale points/score:
Dislike very much 1, Dislike slightly 2, Neither like nor Dislike 3, like moderately 4 and
like very much 5

Thank you for your time and honest evaluation! Appreciated!

112



iV

40\

“

vz

-

7

Appendix Figure 1. Injera Prepared from different teff fractions and Dough kneader
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Appendix.Figure 3. Pictures of injera samples for microbial analysis
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Appendix Figure 4. Sensory evaluation of injera samples
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Appendix Table 2. Effect of flour particle size and dough kneading time on sensory quality of injera

Sensory attributes

Factors Color Taste Eye Size Rollability — Texture Eye Top & Bottom OAA
EPs DKt Distribution  Surface
Amin  4.44+0.81%"° 4.22+0.82° 4.05+0.80° 4.32+0.85® 4.29+0.81% 4.07+0.93°  4.32+0.76 4.29+0.72°
FFPs 8min 4.59+0.59° 4.39+0.83 4.56+0.63° 4.66+0.57° 4.56+0.59° 4.50+0.55%  4.49+0.68 4.56+0.55°
12 min  4.54+0.84®° 456+0.71°  4.63+0.66° 4.66+0.73° 4.68+0.69° 4.56+0.71°  4.66+0.57° 4.66+0.69°
Amin  2.61+0.92° 2.83+1.05°° 2.68+0.99° 2.95+1.09° 2.63+0.97°" 2.83+1.05%  3.00:+0.84° 2.73+0.71%
MFPs 8min 2.88+0.81% 2.98+0.85 2.56+0.95% 3.00+0.97° 2.73+1.05% 2.66+1.13" 2.76+0.92% 2.78+0.94%
12 min 3.20+0.93° 3.15+0.85° 3.15+0.82°  3.12+1.05° 3.02+0.72° 3.02+1.04°® 3.15+0.85 3.10+0.83°
4min  1.93+0.96° 2.22+0.99° 1.56+0.74° 1.93+0.88° 1.85+0.82° 1.61+0.77"  1.83+0.80° 1.95+0.80°
HFPs 8min 256+0.95° 251+0.90% 2.24+0.99" 271+1.17° 2.29+0.96% 2.34+0.96°  2.34+0.94% 2.44+0.78%
12 min 3.02+0.85% 2.71+0.84°® 259+1.00° 2.93+0.65° 2.56+0.84° 2.71+0.87% 2.71+0.84" 2.83+0.54%
4min  3.37+0.83° 3.93+0.85" 3.83+1.12° 3.93+1.01° 3.93+0.93° 3.61+0.97" 3.66+0.91° 3.76+0.77°
CF  8min 3.95+0.92% 4.37+0.77® 4.37+0.86 4.56+0.63° 4.49+0.71%" 4.49+0.60°  4.59+0.63" 4.54+0.55°
12 min  4.39+0.83" 4.27+0.67" 4.54+0.74* 4.59+0.55° 4.37+0.70® 4.59+0.55°  4.66+0.57° 4.56+0.50°
P-value 0.000 0.010 0.000 0.000 0.004 0.000 0.000 0.000

Values are mean + standard deviation and the means that do not share a letter on superscripts in the same column are significantly
different at (P<0.05), Where OAA= Overall Acceptability, FFPs, MFPs, HFPs and CF are flour particle sizes (180,355,500 and
control flour) respectively and DKt= Dough kneading time of 4, 8 and 12 minute
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Appendix Table 3. Effect of flour particle size and dough kneading time on microbial loads

of injera
Factors Total aerobic bacterial Count in Log(CFU/g) Yeast-Mold Count in Log(CFU/g)
FPs DKt Day One Day Three Day Five Day One Day Three Day Five
4min  ND 3.63+0.02°®  4.27+0.13%%® | 1,79+0.04  3.90+0.04%*  4.83+0.12%
FEPs  8min 1.48+0.15% 3.73+0.02°°  4.42+0.16™° | 2.09+0.02°  4.01+0.07*  4.77+0.02°
12min 1.53+0.38% 3.75+0.01°  4.54+0.07° 2.09+0.02  4.04+0.06® 5.08+0.17°
4min  ND 3.5240.039¢  4.14+0.18% 1.81+0.03%  3.91+0.04%*  4.70+0.15°*
MEPs  smin D 3.49+0.02°  4.18+0.06°* 1.98+0.04°  4.04+0.07%*°  4.70+0.14°
12min 1.46+0.06° 3.61+0.02%"  4.26+0.06%°°® | 1.98+0.05” 4.07+0.12%  4.79+0.02%«
4min  ND 3.52+40.04°™  3.97+0.09° 1.77+0.06°  3.76+0.05°  4.48+0.07°
Heps  smin | NP 3.54+0.06°®  4.21+0.06™% | 1.82+0.03  3.93+0.02%®  4.59+0.07%
Lomin 1.41+0.15%  3.68+0.04°¢  4.27+0.04%°® | 1.86+0.07° 3.90+0.06®  4.78+0.06%¢
4min  ND 3.62+0.01°  4.42+0.07* | 2.06+0.04*°  4.14+0.15®  5.02+0.06%
CE 8min 1.42+0.17% 3.74+0.09°  4.48+0.03%® 2.07£0.02®  3.94+0.55®  4.92+0.05®°
12min 1.45+0.18% 3.77+0.02%  4.49+0.08% 2.01+0.06  4.29+0.04*°  5.06+0.15®
P-value 0.000 0.003 0.001 0.000 0.061 0.002

Means that do not share a letter on superscript in the same column are significantly different. Where
FFPs= fine flour particle size (180um), MFPs= medium flour particle size (355um), HFPs=higher
flour particle size (500um) and CF= control flour
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Appendix Table 4. Effect of flour particle size and dough kneading time on texture of injera

Injera Samples

Texture of 1% Day Texture of 2" Day Texture of 3" Day

FPs DKt Storage in F/N Storage in F/N Storage in F/N
4 min 15.52+2.41Pcde 14.04+0.13"d® 12.12+0.43°%
FEPs 8 min 15.25+0.31°%% 12.65+1.00% 11.58+2.34%
12 min  13.70+1.38%% 11.44+0.99° 11.12+0.33%
4 min 17.89+1.24% 17.12+1.46% 16.01+0.85%
MEPs 8 min 17.55+2.32%¢ 16.34+3.32%° 15.57+2.12%¢
12 min  16.17+0.30% 13.53+0.68°°% 12.09+0.85°%
4 min 19.92+1.66° 18.51+2.32° 16.44+3.05°
HEPs 8 min 18.42+1.15° 16.15+0.63%° 14.35+1.35"™
12 min  14.10+0.42°°% 13.85+0.97°%% 11.92+0.97%
4 min 15.85+1.25" 12.65+1.00% 12.65+1.00°%®
CE 8 min 12.33+0.41% 12.30+0.59° 11.57+1.34%
12 min  11.33+0.41° 11.12+0.33¢ 10.04+0.53¢
P-value 0.035 0.003 0.001

Means that do not share a letter on superscript in the same column are significantly different. Where
FFPS= fine flour particle size (180um), MFPs= medium flour particle size (355um), HFPs=higher
flour particle size (500pum) and CF= control flour with Kneading time of 4, 8, and 12 minute
respectively
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Appendix Table 5. Effect of flour particle size and dough kneading time on total phenolic
content, phytates and condensed tannins of injera (mean + SD)

Injera Samples Total Phenol (mg Condensed Tannin (mg Phytates (mg/100g9)
FPs DKt GAE/100g) catechin equiv./1009)
4min  114.86+0.11° 3.12+0.38¢ 218.22+7.38%
- f de
- ef e
4min  120.65+1.71% 4.05+0.01" 252.07+10.37°
H cde cd c
MEps 8min  121.90+0.12 3.38+0.16 238.55+2.62
12 min  123.07+0.02°% 3.11+0.04¢ 227.13+4.91%
4min  126.19+1.98%° 5.90+0.60° 329.50+3.24°
HEps 8 min 129.61+1.97%® 4.70+0.06° 263.49+1.69"
12 min  130.59+1.82° 4.39+0.02° 258.79+0.35"
4min  124.35+0.13% 4.12+0.37% 261.39+0.17°
cde bc b
CE gmin  124.21x2.74 4.05+0.32 255.15+1.54
12min  125.22+3.47° 3.37+0.38% 255.93+1.40°
P-value 0.000 0.000 0.000

Where: - FFPs = fine flour particle size (180um), MFPs = medium flour particle size (355um), HFPs
= higher flour particle size (500um) and CF = Control flour and Kt= dough kneading time
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Appendix Table 6. Effect of flour particle size and dough kneading time on mineral content
of injera (mean = SD)

Injera samples

Minerals (mg/100g)

FPs Kt Iron (Fe) Calcium (Ca) Zinc (Zn)
_— 4min  12.87+0.16" 131.70+4.19° 1.62+0.10"
8min  13.90+0.05° 135.92+2.88" 1.90+0.15%
12 min  14.03+0.33¢ 140.82+2.84" 2.03+0.08°%
MEPS 4min  15.37+0.32' 146.80+1.31° 1.87+0.78°
8min  15.68+0.21% 153.28+1.55" 2.07+0.80°%
12 min  16.20+0.23% 156.43+0.49™ 2.22+0.82"
P 4min  16.62+0.06% 163.4042.05% 2.20+0.50"
8min  16.90+0.13" 165.33+0.25% 2.30+0.49%"
12 min  17.27+0.08% 165.95+0.28° 2.50+0.55°%
o 4min  16.80+0.35" 160.22+0.28" 2.12+0.80"
8min  17.73+0.08° 162.93+0.63% 2.20+0.50"
12 min  17.72+0.21° 164.80+0.73% 2.23+0.80"
P-value 0.027 0.040 0.001

Where: - FFPs = fine flour particle size (180um), MFPs = medium flour particle size (355um), HFPs
= higher flour particle size (500um) and CF = Control flour and Kt= dough kneading time
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Appendix Table 7. Effect of flour particle size and Dough kneading time on pH, TA and
Batter viscosity

Dough Samples Viscosity of Batter Batter pH Titratable
EPs DKt (cP) Acidity (TA)
4 min 19.68+0.15 3.95+0.05" 1.59+0.01%°
FFPs 8 min 18.99+0.12" 3.93+0.03" 1.60+0.01%°
12 min 17.33+0.34° 3.87+0.03" 1.63+0.01%°
4 min 14.12+0.13° 4.10+0.05" 1.36+0.01%
MFPs 8 min 13.25+0.09" 4.02+0.08" 1.39+0.04%"
12 min 12.22+0.129 3.93+0.03" 1.63+0.01°
4 min 11.21+0.04" 4.33+0.03° 1.27+0.01"
HFPs 8 min 10.92+0.07" 4.28+0.03° 1.28+0.01"
12 min 10.18+0.03' 4.02+0.08™ 1.41+0.02°%
4 min 18.66+0.09" 3.98+0.03" 1.44+0.21 00
CF 8 min 17.28+0.15° 3.92+0.10% 1.47+0.00°%°
12 min 16.73+0.12° 3.75+0.05" 1.55+0.05%
P-value 0.000 0.001 0.003

Means that do not share a letter on superscript in the same column are significantly different. Where
FFPs = fine flour particle size (180um), MFPs = medium flour particle size (355um), HFPs =higher
flour particle size (500um) and CF = control flour
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Appendix Table 8. Teff flour particle size determination obtained on sieve analysis

Particle Size of Flour Size of sieve Mass Percentage (%)
Fine Flour Particle Size (0-180um) 180um 30.68+0.03°
Control flour Particle Size (0-710um) 710pum 99.34 +0.47°
Medium Flour Particle Size (181-355um) 355um 42.42+0.39°
Coarse Flour Particle Size (356-500um) 500um 25.31+0.03"
P-value 0.00

Data are expressed as the mean + standard deviations; means that do not share a letter in the same

column are significantly different

Appendix Table 9. Effect of flour particle size on mineral content of flour

Flour Minerals (mg/100g)

Samples Iron (Fe) Calcium(Ca) Zinc(Zn)
FFPs 11.57+0.68" 125.83+3.79" 1.32+0.18"
MFPs 13.95+0.05% 133.33+1.40° 1.65+0.05"
HFPs 14.80+0.13% 144.47+2.29° 1.8240.13°
CF 14.62+0.28% 141.98+3.67° 1.93+0.10°
P-value ¢ g0g 0.004 0.001

Means that do not share a letter on superscript in the same column are significantly
different. Where FFPs= fine flour particle size, MFPs= medium flour particle size,
HFPs=higher flour particle size and CF= control flour
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Appendix Figure 8. Calibration curve of Phytate, Tannin and Total phenol
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Appendix Table 10. Analysis of Variance of Flour Tannin Content

Source DF Adj SS Adj MS F-Value  P-Value
Particle size in um 3 21.07 7.02 16.79 0.001
Error 8 3.35 0.42

Total 11 24.42

Appendix Table 11. Analysis of Variance of Calcium Content

Source DF Adj SS Adj MS F-Value P-Value
Particle size 3  4641.01 1547.00 425.58 0.000
Kneading time 2 254.13 127.07 34.96 0.000
Particle size*Kneading time 6 58.02 9.67 2.66 0.040
Error 24 87.24 3.64

Total 35 5040.41

Appendix Table 12. Analysis of Variance of Iron Content

Source DF AdjSS Adj MS F-Value P-Value
Flour Particle Size 3 78.0019  26.0006 589.62 0.000
Dough Kneading Time 2 5.0772 2.5386 57.57 0.000
Flour Particle Size * Dough 6 0.7800 0.1300 2.95 0.027
Kneading Time

Error 24 1.0583 0.0441

Total 35 84.9174

Appendix Table 13. Analysis of Variance of Zinc Content

Source DF AdjSS AdjMS F-Value P-Value
Flour Particle Size 3 1.13687 0.378958 58.05 0.000
Dough Kneading Time 2 052792 0.263958 40.44 0.000
Flour Particle Size*Dough 6 0.09042 0.015069 2.31 0.037
Kneading Time

Error 24 0.15667 0.006528

Total 35 191187
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Appendix Table 14. Analysis of Variance of texture profile injera on 1* day storage

Source DF AdjSS AdjMS F-Value P-Value
Flour Particle Size 3 113.39 37.795 21.60 0.000
Dough Kneading time 2 70.50 35.249  20.15 0.000
Flour Particle Size*Dough Kneading time 6 28.94 4.823 2.76 0.035
Error 24 41.99 1.750

Total 35 25481

Appendix Table 15. Analysis of Variance of texture profile injera on 2" day storage

Source DF AdjSS AdjMS  F-Value P-Value
Flour Particle Size 3 116.83 38.944 19.63 0.000
Dough Kneading time 2 13.42 6.709 3.38 0.051
Flour Particle Size*Dough Kneading 6 54.68 9.113 4.59 0.003
time

Error 24 47.61 1.984

Total 35 232.55

Appendix Table 16. Analysis of Variance of texture profile injera on 3" day storage

Source DF AdjSS AdjMS F-Value P-Value

12449 41498 1851 0.000
46.12 23.058  10.29 0.001

Flour Particle Size
Dough Kneading time

Flour Particle Size*Dough Kneading 6 107.21 17868  7.97 0.001
time

Error 24 53.79 2.241

Total 35 33161
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Appendix Figure 9. calibration curve of minerals
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Appendix figure 11. Dough prepared from different particle size with mechanical kneading
time

130



Appendix Table 17. Main effect of teff flour particle size and dough kneading time on proximate composition of injera

Flour particle Moisture Crude Crude Fat(% Crude Total Ash(%  Carbohydrate  Gross Energy
size content(% db)  Protein(% db) db) Fiber(% db) db) (% db) (kcal/1009)
FFPs 6.33+0.09% 10.75+0.89°  1.25+0.13° 2.23+0.18°  2.41+0.03°  76.93+0.99°  362.42+1.53°
MFPs 6.04+0.15° 11.26+0.35°  1.59+0.12° 3.21+0.12°  2.56+0.05°  75.57+0.50°  361.59+1.58"
HFPs 5.81+0.30° 10.63+0.09°  1.27+0.05° 3.30+0.09°  2.70+0.03°  76.06+0.10"  358.21+0.63°
CF 6.41+0.06° 11.31+1.23°  1.45+0.19" 3.14+0.08°  2.55+0.06"  75.14+1.22°  358.85+1.60°
P-Value 0.000 0.001 0.000 0.000 0.000 0.000 0.000
4 min 6.15+0.16° 10.50+0.38*  1.45+0.15% 3.0840.41*  257+0.11*°  76.43+0.75°  361.08+2.25°
8 min 6.03+0.43° 10.7740.24°  1.444022°  299+046° 255:012°  [0:212066° 5658640 0g0
12 min 6.26+0.19° 1169+1.01°  1.29:0.15°  2.83:050° 2554012°  (13tL17 pgagis gab
P-value 0.000 0.000 0.001 0.000 0.488 0.000 0.000

Values are mean + SD and values in the same column with different superscript letters are significantly different from each other (P
<0.05) Where: FFPs= fine flour particle size (0-180um), MFPs= medium flour particle size (181-355um), HFPs= higher/coarse flour particle size
(356-500um), CF= control flour
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Appendix Table 18. Main effect of teff flour particle size and dough kneading time on microbial load of injera

Factors Total aerobic bacterial Count in Log(CFU/Q) Yeast-Mold Count in Log(CFU/qg)
Flour Particle Sizes Day One Day Three Day Five Day One Day Three Day Five
FFPs 1.96+0.48° 2.74+0.12° 3.46+0.06° 2.58+0.04° 3.06£0.37°  4.00+0.10°
MFPs 0.89+0.27" 2.58+0.08" 3.19+0.11° | 2.42+0.09° 2.98+0.08°  3.73+0.11°
HFPs 0.84+0.34° 2.54+0.06" 3.18+0.11° | 2.32+0.06" 2.92+0.10°  3.62+0.14°
CF 1.88+0.42° 2.70+0.06° 3.41+0.16° 2.49+0.15° 3.01+0.04*  3.98+0.18°
P-value 0.000 0.000 0.000 0.000 0.400 0.001
Dough Kneading times
4 min ND 2.57+0.06° 3.22+40.18° | 2.36+0.13" 2.94+0.13"  3.74+0.22"
8 min 1.43+0.50° 2.63+0.10° 3.3240.16° | 2.49+0.11° 2.97+0.27°  3.76+0.14°
12 min 2.74+0.27° 2.73+0.12° 3.38+0.14° 2.51+0.11° 3.07+0.16°  3.93+0.18°
P-value 0.000 0.000 0.001 0.000 0.200 0.000

Values are mean £ SD and values in the same column with different superscript letters are significantly different from each other (P<0.05)
Where: FFPs= fine flour particle size (0-180um), MFPs= medium flour particle size (181-355pum), HFPs= higher/coarse flour particle size
(356-500um), CF= control flour, ND = not detected
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